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G is l-methyl»2»(substitiited-4-ti;iiazoIyl)ethen.yl; 

Q is as defined above. 

DETAILED DESCRIPTION OF THE INVENTION 

Listed below are definitions of various terms used to 
describe this invention. These definitions apply to the terms 
as they are used throughout this specification, unless other- 
wise limited in specific instances, either individually or as 
part of a larger group. 

The term, “alkyl” refers to straight or branched chain 
unsubstituted hydrocarbon groups of 1 to 20 carbon atoms, 
preferably 1 to 7 carbon atoms. The expression "lower alkyl” 
refers to unsubstituted alkyl groups of 1 to 4 carbon atoms. 

Hie term “substituted alkyl” refers to an alkyl group sub™ 
stituted by, for example, one to four substituents, such as, 
halo, trifluoromethyl, trifiuoromethoxy, hydroxy, alkoxy, 
cycloalkyoxy, heterocylooxy, oxo, alkanoyl, aryloxy, 
alkanoyloxy, amino, alkylamiao, aryiamino, aralkylaraino, 
cycloalkylamino, heterocycloamino, disubstiiuted amines in 
which the 2 amino substituents are selected from alkyl, aryl 
or aralkyl, alkanoylamino, aroylamino, aralkanoylamino, 
substituted alkanoylamino, substituted aryiamino, substi- 
tuted aralkanoylamino, thiol, alkyl tliio, arylthio, aralkyl thio, 
cycloalkylthio, heterocyclothio, alkylthiono, arylthiono, 
aralkyl thiono, alkylsulfonyl, arylsulfonyl, aralkylsulfonyl, 
sulfonamido (e.g. S0 2 NH 2 ), substituted sulfonamido, nitro, 
cyano, carboxy, carbamyl (e.g. CONH 2 ), substituted car- 
bamyl (e.g. CONH alkyl, CONH aryl, CONH aralkyl or 
cases where there are two substituents on the nitrogen 
selected from alkyl, aryl or aralkyl), alkoxycarbonyl, aryl, 
substituted aryl, guanidino and heterocyclos, such as, 
indolyl, imidazolyl, fhryl, thienyl, thiazolyl, pyrrolidyl, 
pyridyl, pyrimidyl and the like. Where noted above where 
the substituent is further substituted it will be with halogen, 
alkyl, alkoxy, aryl or aralkyl. 

The term “halogen” or “halo” refers to fluorine, chlorine, 
bromine and iodine. 

The term “aryl” refers to monocyclic or bicychc aromatic 
hydrocarbon groups having 6 to 12 carbon atoms in the ring 
portion, such as phenyl, naphthyl, biphenyl and diphenyl 
groups, each of which may be substituted. 

Hie term “aralkyl” refers to an aryl group bonded directly 
through an alkyl group, such as benzyl. 

The term “substituted aryl” refers to an aryl group substi- 
tuted by, for example, one to four substituents such as alkyl; 
substituted alkyl, halo, trifluoromethoxy, trifluoromethyl, 
hydroxy, alkoxy, cycloalkyloxy, heterocyclooxy, alkanoyl, 
alkanoyloxy, amino, alkylamino, aralkyl amino, 
cycloalkylamino, heterocycloamino, dialkylamino, 
alkanoylamino, thiol, alkylthio, cycloalkylthio, 
heterocyclothio, ureido, nitro, cyano, carboxy, carboxyalkyl, 
carbamyl, alkoxycarbonyl, alkylthiono, arylthiono, 
alkysulfoiiyl, sulfonamido, aryloxy and the like. The sub- 
stituent may be further substituted by halo, hydroxy, alkyl, 
alkoxy, aryl, substituted aryl, substituted alkyl or aralkyl. 

Hie term “cycloalkyl” refers to optionally substituted, 
saturated cyclic hydrocarbon ring systems, preferably con- 
taining 1 to 3 rings and 3 to 7 carbons per ring which may be 
further fused with an unsaturated C 3 ™C 7 carbocyclic ring. 
Exemplary groups include cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cyclokeptyl, cyclooctyl, 
cyclodecyl, cyclododecyl, and adamantyl. Exemplary sub- 
stituents include one or more alkyl groups as described 
above, or one or more groups described above as alkyl sub- 
stituents. 
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The terms “heterocycle”, “heterocyclic” and “heterocy- 
clo” refer to an optionally substituted, fully saturated or 
unsaturated, aromatic or uonaromatic cyclic group, for 
example, which is a 4 to 7 membered monocyclic, 7 to 11 
5 membered bicycHc, or 10 to 15 membered tricyclic ring 
system, which has at least one heteroatom in at least one 
carbon atom-containing ring. Each ring of the heterocyclic 
group containing a heteroatom may have 1, 2 or 3 heteroat- 
oms selected from nitrogen atoms, oxygen atoms and sulfur 
10 atoms, where the nitrogen and sulfur heteroaioms may also 
optionally be oxidized and the nitrogen heteroatoms may 
also optionally be quatemized. Hie heterocyclic group may 
be attached at any heteroatom or carbon atom. 

Exemplary monocyclic heterocyclic groups include 
15 pyrrol idinyl, pyrrolyl, indolyl, pyrazolyl, oxetanyl, 
pyrazolinyl, imidazolyl, imidazolinyl, imidazolidinyl, 
oxazolyl, oxazolidmyl, isoxazolinyl, isoxazolyl, thiazolyl, 
thiadiazolyl, thiazolidinyl, isothiazolyi, isothiazolldinyl, 
furyl, tetrahydrofuryl, thienyl, oxadiazolyl, piperidinyl, 
20 piperazinyl, 2-oxopiperazinyl, 2-oxopiperidinyl, 
2-oxopyrrolidmyI, 2-oxazepinyl, azepinyl, 4-piperidonyl, 
pyridyl, N-oxo-pyridyi, pyrazmyl, pyrimidinyl, pyridazinyl, 
tetrahydropyranyl, tetrahydrothiopyranyl, tetraliydrothiopy- 
ranyl sulfone, morpholinyl, thiomorpholinyl, thiomorpholi- 
25 nyl sulfoxide, thiomorpholinyl sulibne, 1 ,3-dioxolane and 
tetrahydro-l,l-dioxo thienyl, dioxanyl, isothiazolidinyl, 
thiefanyl, thiiranyl, triazinyl, and triazolyl, and the like. 

Exemplary bicyciic heterocyclic groups include 
benzothiazoly 1, benzoxazolyl, benzothienyl, quinuclidinyl, 
30 quinolinyl, quioolinyl-N-oxide, tetrahydroisoquinolinyl, 
isoquinolinyl, benzimidazolyl, benzopyranyl, indolizinyl, 
benzofuryl, chromonyl, coumarinyl, cinnolinyl, 
quinoxalinyl, indazolyl, pyrrolopyridyl, furopyridinyl (such 
as fnro[2,3-c]pyridmyl, furo[3,l-b]pyridinyl] or furo[2,3-b] 
35 pyridinyl), dihydroisoindolyl, dihydroquinazolinyl (such as 
3,4-dihydro-4-oxo-qnmazolinyl), benzisolhiazolyl, 
benzisoxazolyl, benzodiazinyl, benzofurazanyl, 
benzotkiopyranyl, benzotriazolyl, benzpyrazolyl, 
dihydrobenzofuryl, dihydrobenzo thienyl, 

40 dxhydrobenzotkiopyranyl, dihydrobenzothiopyranyl sulfone, 
dihydrobenzopyranyl, mdolinyl, isochromanyl, isoindolinyl, 
naphthyr idinyl, phthalazinyl, piperonyl, purinyl, 
pyridopyridyl, quinazolinyl, tetrahydroquinolinyl, 
thienofuryl, thienopyridyl, thienothienyl, and tine like. 

Exemplary substituents include one or more alkyl groups 
as described above or one or more groups described above as 
alkyl substituents. Also included are smaller heterocyclos, 
such as, epoxides and aziridiaes. 

50 The term “heteroatoms” shall include oxygen, sulfur and 
nitrogen. 

The compounds of formula V may form salts with alkali 
metals such as sodium, potassium and lithium, with alkaline 
earth metals such as calcium and magnesium, with organic 
55 bases such as dicyclohexylamme, tributyJamine, pyridine 
and amino acids such as arginine, lysine and the like. Such 
salts can be obtained, for example, by exchanging the car- 
boxylic acid protons, if they contain a carboxylic acid, in 
compounds of formula V with the desired ion in a medium in 
60 which the salt precipitates or in an aqueous medium fol- 
lowed by evaporation. Other salts can be formed as known to 
those skilled in the art. 

The compounds for formula V form salts with a variety of 
organic and inorganic acids. Such salts include those formed 
65 with hydrogen chloride, hydrogen bromide, methane- 
sulfonic acid, hydroxyetlianesulfonic acid, sulfuric acid, 
acetic acid, trifluoroacetic acid, maleic acid, benzene- 
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sulfonic acid, toluenesulfonic acid and various others (e.g., 
nitrates, phosphates, borates, tartrates, citrates, succinates, 
benzoates, ascorbates, salicylates and the like). Such salts 
are formed by reacting a compound of formula V in an 
equivalent amount of the acid in a medium in which the salt 5 
precipitates or in an aqueous medium, followed by evapora- 
tion. 

In addition, zwitterions ("inner salts”) are formed. 

Compounds of the formula V may also have prodrug 
forms. Any compound that will be converted in vivo to pro- 10 
vide the bioactive agent (be., the compound for formula V) is 
a prodrug within the scope and spirit of the invention. 

For example compounds of the formula V may form a 
carboxylate ester moiety. The carboxylate esters are conve- 
niently formed by esterifying any of the carboxylic acid 
lunctionaiities found on tire disclosed ring structure(s). 

Various forms of prodrugs are well known in the art. For 
examples of such prodrug derivatives, see: 

a) Design of Prodrugs, edited by H. Rundgaard, (Elsevier, 20 
1985) and Methods in Enzymology, VoL42, p. 309-396, 
edited by K. Widder, et at. (Acamedic Press, 1985); 

b) A Textbook of Drug Design and Development, edited 
by Krosgaard-Larsen and H. Rundgaard, Chapter 5, 
"Design and Application of Prodrugs,” by H. 25 
Bundgaard, p, 1 13-191 (1991); 

c) H. Bundgaard Advanced Drug Delivery Reviews, 8, 

' 1-38(1992); 

d) H. Bundgaard, et ah, Journal of Pharmaceutical 3Q 
Sciences, 77, 285 (1988); and 

e) N. Kakeya, et al., Chem Phar Bull, 32, 692 (1984). 

It should further be understood that solvates (e.g., 
hydrates) of the compounds of formula V are also within the 
scope of the present invention. Methods of solvation are gem 35 
©rally known in the art. 

Use and Utility 

The compounds of formula V are microtubule-stabilizing 
agents. They are thus useful in the treatment of a variety of 
cancers or other abnormal proliferative diseases, including 40 
(but not limited to) the following; 

carcinoma, including that of the bladder, breast, colon, 
kidney, liver, Jung, ovary, pancreas, stomach, cervix, 
thyroid and skin; including squamous cell carcinoma; 

hematopoietic tumors of lymphoid lineage, including 45 
leukemia, acute lymphocytic leukemia, acute lympho- 
blastic leukemia, acute lymphoblastic leukemia, B-cell 
lymphoma, T-cell lymphoma, Hodgkins lymphoma, 
non-Hodgkins lymphoma, hairy cell lymphoma and 
Burketts lymphoma; 50 

hematopoietic tumors of myeloid lineage, including acute 
and chronic myelogenous leukemias and promyelo- 
cytic leukemia; 

tumors of the central and peripheral nervous system, 55 
including astrocytoma, neuroblastoma, glioma, and 
schwannomas; 

tumors of mesenchymal origin, including fibrosarcoma, 
rhabdomyosarcoma, and osteosarcoma; and 

other tumors including melanoma, xenoderma, 60 
pigmentosum, keratoactanthoma, seminoma, thyroid 
follicular cancer and teratocarcinoma. 

Compounds of formula V may also inhibit tumor 
angiogenesis, thereby affecting abnormal cellular prolifera- 
tion. Such anti -angiogenesis properties of the compounds of 65 
formula V may also be useful in the treatment of certain 
forms of blindness related to retinal vascularization, 
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arthritis, especially inflammatory arthritis, multiple 
sclerosis, restinosis and psoriasis. 

Compounds of formula V may induce or inhibit apoptosis, 
a physiological cell death process critical for normal devel- 
opment and homeostasis. Alterations of apoptotlc pathways 
contribute to the pathogenesis of a variety of human dis- 
eases. Compounds of formula V, as modulators of apoptosis, 
will be usefol in the treatment of a variety of human diseases 
with aberrations in apoptosis including cancer (particularly, 
but not limited to follicular lymphomas, carcinomas with 
p53 mutations, hormone dependent tumors of the breast, 
prostrate and ovary, and precancerous lesions such as famil- 
ial adenomatous polyposis), viral infections (including but 
not limited to herpesvirus, poxvirus, Epstein-Rarr virus, 
Sindbis virus and adenovirus), autoimmune diseases 
(including but not limited to systemic lupus erythematosus, 
immune mediated glomerulonephritis, rheumatoid arthritis, 
psoriasis, inflammatory bowel diseases and autoimmune 
diabetes mellitus), neurodegenerative disorders (including 
but not limited to Alzheimer's disease, AIDS-related 
dementia, Parkinson’s disease, amyotrophic lateral 
sclerosis, retinitis pigmentosa, spinal muscular atrophy and 
cerebellar degeneration), AIDS, myelodysplastic 
syndromes, aplastic anemia, ischemic injury associated 
myocardial infarctions, stroke and reperfusion injury, 
arrhythmia, atherosclerosis, toxin-induced or alcohol 
induced liver diseases, hematological diseases (includingbut 
not limited to chronic anemia and aplastic anemia), degen- 
erative diseases of the musculoskeletal system (including but 
not limited to osteoporosis and arthritis), aspirin-sensitive 
rhino sinusitis, cystic fibrosis, multiple sclerosis, kidney 
diseases, and cancer pain. 

Tire compounds of this invention are also useful in combi- 
nation with known anti-cancer and cytotoxic agents and 
treatments, including radiation. If formulated as a fixed dose, 
such combination products employ the compounds of this 
invention within the dosage range described below and the 
other pharmaceutically active agent within its approved dos- 
age range. Compounds of formula V can be used sequen- 
tially with known anticancer or cytotoxic agents and 
treatment, including radiation when a combination formula- 
tion is inappropriate. Especially useful are cytotoxic drug 
combinations wherein the second drug chosen acts in a dif- 
ferent phase of the cell cycle, e.g. S phase, than the present 
compounds of formula V which exert their effects at the 
G 2 - M phase, 
e.g. 

Thymidilate Synthase Inhibitors, 

DHA Cross Linking Agents 
Topoisomerase I and II Inhibitors 
DNA Alkylating Agents 
Ribomicleoside Reductase Inhibitors 
Cytotoxic Factors e.g. TNF -alpha or 
Growth factor inhibitors e.g. HER 2 receptor MAB’s 
The present compounds may exist as multiple optical, 
geometric, and stereoisomers. Included within the present 
invention are all such isomers and mixtures thereof. 

The compounds of this invention can be formulated with a 
pharmaceutical vehicle or diluent for oral, intravenous or 
subcutaneous administration. The pharmaceutical composi- 
tion can be formulated in a classical manner using solid or 
liquid vehicles, diluents and additives appropriate to the 
desired mode of administration. Orally, the compounds can 
be administered in the form of tablets, capsules, granules, 
powders and the like. The compounds are administered in a 
dosage range of about 0.05 to 200 mg/kg/ day, preferably less 
than 100 mg/kg/day, in a single dose or in 2 to 4 divided 
doses. 
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reaction of a compound of formula XII and a compound of 
formula XIV provides a compound of formula XIII. The 
compound of formula XIV can be prepared by known meth- 
ods (he., Schinzer, D., et ah, Eur. Chem, Chron., (1996) 1, 
7-10). An aldehyde of formula XVII can be prepared from a 
compound of formula XV as shown in Scheme 1 or by using 
known methods (he., Taylor, R, E., et ah. Tetrahedron Lett., 
(1997), 38, 2061-2064). A compound of formula XIX can 
be prepared from a compound XVIII by treatment with an 
amine using dehydrating conditions such as catalytic 
p-toluenesulfonic acid and azeotropic removal of water. A 
compound of formula XX can be prepared from a compound, 
of formula XIX by treatment with an allylaiing reagent such 
as ally Imagoes ium bromide. A compound of formula XXI 
can he prepared from compounds of formulas XIII and XX, 
by standard amide bond coupling agents (ie., DCC, BOP, 
EDC/HOBT, PyBrOP). A compound of fonnula XXII can 
be prepared from a compound of formula XXI by ring- 
closing metathesis using either the Grubbs (RuC 1 2 
(=CHPh)(PCY 3 ) 2 ; see Grubbs, R. H., et ah, Angew. Chem. 
Int. Ed. Engl.; (1995) 34, 2039) or Schrock catalysts (See 
Schrock, R. R. ? et ah, J. Am. Chem. Soc., (1990) 112, 3875). 
Deproteetion of a compound of formula XXI using, for 
example when P A is a t-butyldimethylsily group, hydrogen 
fluoride in acetronitrile or tetra-mbutyl ammonium fluoride 
in THF provides a compound of formula V where Q is an 
ethylene group, W is NR 15 , X is O, an R 3 , R 4 , R 5 , are 
defined as described above. Regioselective epoxidation of a 
compound of formula V where Q is an ethylene group using 
dimethyldioxirane provides a compound of fonnula V where 
Q is an oxirane group, W is NR i5 , X is O, and R 3 , R 4 , R 5 , 
R l5 are defined as described above. 


Schemed 
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Alternatively, a compound of formula XIV can be pre- 
pared as shown in Scheme 3. Reaction of a compound of 
35 formula XXV and pseudoephedrine provides a compound of 
formula XXVI. A compound of fonnula XXVII can be pre- 
pared from a compound of formula XXVI by alkylation with 
a pentenyl halide such as 5-bromopentene according to the 
40 method of Meyers (i.e., Meyers, A.; et. ah, J. Am. Chem. 
4 Soc., 1994, 116, 9361-9362). A compound of formula 
XXVIII can be prepared from a compound of formula 
XXVII with a reducing agent such as lithium pyrroUdinyl 
borohydride. Oxidation of a compound of fonnula XXVIII, 
45 using for example pyridinium chlorochromate, provides a 
compound of formula XIV. Direct conversion of a com- 
pound of formula XXVII to a compound of formula XIV can 
be accomplished with a reducing agent such as lithium 
triethoxy-aluminum hydride. 


Schemed 


Alternatively, a compound of formula VIII can be pre- 
pared by reaction of a compound of formula XXIII with 
magnesium and an acid chloride (R 5 €H 2 COC!) to give a 
compound of fonnula XXIV (See for example: Heathcock, 
C.; et. ah, J.OrgXhem,, 1990, 55, 1 1 14-1 117), followed by 
ozononolysis to give a compound of formula VIII as shown 
in Scheme 2. 
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-continued 





Alternatively, a compound of formula XX can be prepared 
from allyiglycme as shown in Scheme 4. Allylglycme can be 
N-protected using methods known in the art to give a com- 
pound of formula XXIX, where P 2 is a suitable N-protecting 
group such as t-butyloxy carbonyl . Optionally, where R 29 is 
not hydrogen, a compound of formula XXX can be prepared 
from a compound of formula XXIX by alkylation with an 
alkyl halide in the presence of a base such as sodium 
hydride. A compound of formula XXXI can be prepared 
from a compound of formula XXX using N>0- 
dimethylhydroxylamine and standard coupling agents such 40 
as EDO and HOBT. A compound of formula XXXII can be 
prepared from a hydroxamate XXXI by treatment with an 
organometallic reagent such as an alkyl or arylmagnesium 
halide. Wittig olefination of a compound of formula XXXII 45 
provides a compound of formula XXXIII (the Wittig reagent 
is prepared as reported: Danishefsky, S. E.; et. ah, J. Org. 
Cfrern., 1996, 61, 7998-7999), N-Depro lection of a com- 
pound of formula XXXIII using methods known in the ait 
provides a compound of formula XX. 
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V{Q is oxUane group) 

A compound of formula V where W is NR 15 , X is oxygen, 
and G is a 1 ,2-disubstituted olefin can be prepared as shown 
in Scheme 5, A compound of formula XXXV can be pre- 
pared by Wittig olefination of a compound of formula 
55 XXXII , A compound of formula XXXIV can be prepared by 
methods known in the art, A compound of formula XXXVI 
can be prepared by N- deprotection of a compound of for- 
mula XXXV using methods known in the art. A compound 
60 of formula XXXVII can be prepared by coupling reaction of 
a compound of formula XXXVI and a compound of formula 
XIII using standard coupling agents such as EDCI and 
HOBT. A compound of formula XXXVIH can be prepared 
from a compound of formula XXXVII by methods described 
65 in Scheme 1 for the preparation of a compound of formula 
XXII. Using methods described in Scheme 1 (steps o and p), 
a compound of formula XXXVIH can be converted to com- 
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pounds of formula V where W is NR 1S > X is oxygen, and G 
is a 1 , 2 -disubsiituted olefin. 

&tonc. 6 


XXXIX 
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pounds of formula XXXX and X III by using standard elec- 
trification methods such as DCC and DMAP. A compound of 
formula XXXXII can be prepared from a compound of for- 
mula XXXXI via ring-closing olefin metathesis as described 
in Scheme 1 for the preparation of a compound of formula 
XXII. Compounds of formula V where both W and X are 
oxygen, and G is a 1 , 2 -disubstituted olefin can be prepared 
from a compound of formula XXXXII by deprotection 
(where Q is an ethylene group) and, if desired, epoxidation 
(where Q Is an oxirane group) as described above. 
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A compound of formula V where both W and X are 2.3 R 4 

oxygen, and G is a 1 , 2 -disubstituted olefin can be prepared o jl 

as shown in Scheme 6 . A compound of formula XXXX can li 

be prepared from a compound of formula XXXIX by treat- II 1 

meat with an allylating agent such as allylmagnesium bro- 0 OH o 

mide. Enantiomer) cally pure XXXX can be prepared by v(Q is oxirane group) 

employing cliiral reagents (see, for example: Taylor, R. E.; 
et. al.. Tetrahedron Lett., 1 997, 38, 2061-2064; Nicolaou, K. 

C ■ et. al.. Angew. Chem. Int. Ed. Engl., 1997, 36, 166-168, 65 compound of formula V where both W and X are 
Keck, G., et. al., J. Am. Chem. Soc., 1993, 115, 8467). A oxygen, and G is alkyl, substituted alkyl, aryl, heteroaryl, 

compound of formula XXXXI can be prepared from com- bicycloaryl, or bicycloheteroaryl can be prepared as shown 


j OH o 

V(Q is oxirane group) 
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in Scheme 7. A compound of formula XXXXIV can be pre- 
pared by allylation of a compound of formula aaaaIU, 
where G is alkyl, substituted alkyl, aryl,_ heteroaryl, 
bicycloaryl, or bicycloheteroaryl, by reaction with an allylat- 
ing reagent such as allyl magnesium bromide. A compound 
of formula XXXXV can be prepared from a compound ol 
formula XXXXIV via electrification with a compound of 
formula XIII using, for example, DCC and DMAP. A com- 
pound of formula XXXXVI can be prepared from a com- 
pound of formula XXXXV by ring-closing metathesis as 
described above. Following the methods outlined above for 
Scheme 1, a compound of formula XXXXVI can be con- 
verted to compounds of formula V by deprotection and sub- 
sequent epoxidatioa. 
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bicydoaryl, or bicycloheteroaryl can be primed as shown 
in Scheme 8. A compound oi formula XXXXVII can be 
prepared by reaction of a compound of formula XXXXIH, 
where G is alkyl, substituted alkyl, aryl, heteroaryl, 
bicvcloaryl, or bicycloheteroaryl, and ail amine under dehy- 
drating conditions. A compound of formula XXXXVIII can 
be prepared from a compound of formula XXXXVII by 
treatment with an allylating agent such as allylmagnesium 
bromide. A compound of formula XXXXEX can be prepared 
from a compound of formula XXXXVIII and a compound of 
formula XIII by standard amide bond coupling techniques 
using, for example, EDCI and HOBT. A compound of for- 
mula L can be prepared from a compound of formula 
XXXXIX by ring-closing metathesis as described above. 
Following the methods outlined above for Scheme 1 , a com- 
,5 pound of formula L can be converted to compounds of for- 
mulas V by deprotection and subsequent epoxidation. 


10 




A compound of formula V where W is NR l5 , X. i$ oxygen, 
and G is alkyl, substituted alkyl, aryl, heteroaryl, 
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Alternatively, a compound of formula V where X is 
25 oxygen, W is oxygen or NR iS or oxygen, and G is 


and D is selected from the group consisting of NR 2S R 29J 
NR 30 COR 3iJ and saturated heterocycle (i.e., piperidinyf 
morpholinyl, piperazinyl, etc.) can be prepared as shown in 
Scheme 9, A compound of formula LI can be prepared from 
a compound of formula XXXII by reductive animation using 
a primary or secondary amine and a reducing agent such as 
sodium tri ac etoxy borohy dri de . Compounds of formula LIU, 
LIV, and V can then be prepared following methods 
described above in Scheme 1 . 


Sehexn.fi.10. 



&J2 



and D is selected from the group consisting of NR 2S R 29 , 
NR 30 COR 3 x , and saturated heterocycle (i.e., piperidinyl, 
morpholinyl, piperazinyl, etc.) can be prepared from a com- 
pound of formula V as shown in Scheme 10. A compound of 
formula V can be converted to a compound of formula LV by 
40 protection of the hydroxyl groups with suitable protecting 
groups such as t-butyldimethylsilyl. A compound of formula 
LVI can be prepared from a compound of formula LV by 
ozonolysis. Treatment of a compound of formula LVI with 
an amine and a reducing agent such as sodium 
45 triacetoxyboro-hydride provides a compound of formula 
LVIL Removal of the protecting groups from a compound of 
formula LVIL with for example hydrogen fluoride, provides 
a compound of formula V where X is oxygen, W is NR 1$ or 
so oxygen, and G is 
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A compound of formula V where W is NR 1S , X is oxygen, 
and G is 



can be prepared as outline d in Scheme 11. A compound of 
formula LVIH can be prepared from a compound of formula 
XXX by treatment with an amine and standard amide bond 
coupling agents such as EDCI and BOBT. A compound of 
5 formula LX can be prepared from a compound of formula 
LV1II by N'~deprotection ? using for example trifiuoroacetic 
acid when P 2 is a t-butyloxycarbonyl group, followed by 
coupling of compounds of formula LIX and XIII using stan- 
10 dard amide bond coupling agents such as EDCI and HOBT. 
A compound of formula LXI can be prepared from a com- 
pound of formula LX by ring-closing metathesis. A com* 
pound of formula V can be prepared from a compound of 

formula LXI following methods described in Scheme 1. 
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A compound of formula V where W is oxygen, X is 
oxygen, and G 




is a 1,2-disubstituted cyclopropyl group can be prepared, 
from a compound of formula V where G is a 1,2- 
disubstituted ethylene group by cyclopropanation with 
diiodomethane and zinc-copper couple, as shown in Scheme 
5 13. 




can be prepared as outlined in Scheme 1 2. A compound of 
formula LXII can be prepared from allylglycine by treat- 
ment with nitrous acid. A compound of formula LXIII can 



a 




be prepared from a compound of formula LXII by treatment 
with an amine and standard amide bond coupling agents u 
such as EDC1 and HOBT. A compound of formula LXIV can 
be prepared from compounds of formula LXIII and XIII 
using standard amide bond coupling agents such as EDCI 
and HOBT. A compound of formula LXV can be prepared 
from a compound of formula LXIV by ring-closing metathe- 20 
sis. A compound of formula V can be prepared from a com- 
pound of formula LXV following methods described in 
Scheme 1 . 



v 



V 60 

Compounds of formula V where G is a 1,2-disubstituted 
ethyl group can be prepared from a compound of formula V 
where G is a 1 ,2-disubstituted ethylene group by hydrogena- 65 
tion with a catalyst such as palladium on carbon, as shown in 
Scheme 13. Furthermore, compounds of formula V where G 


LXVT 




LXVII 







A compound of formula V where is oxygen can be 
prepared as shown in Scheme 14. A compound of formula 
LXVII can be prepared from a alpha-hydroxy ester LX.VI. 
and a 3-buten-l-yLtrifluoromethanesulfonate (or with an 
3-butenyl bromide and silver trihate). A compound of for- 
mula LXVII can be reduced with a reducing agent such as 
diisobutylaluminum hydride to provide a compound of for- 
mula LXVIII. Alternatively, a compound of formula LXVIII 
can be obtained from a compound of formula LXVII by a 
two step procedure involving reduction with lithium borohy- 
dride and oxidation with pyridinium chlorochromate. This 
compound of formula LXVIII can be substituted for a com- 
pound of formula XIV in Scheme 1 to give a compound of 
formula LXIX. Further elaboration of LXJX as described 
above provides a compound of formula V where Z l is oxy- 
gen. 
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Similarly, a compound of formula V where Z x is NR 2 3 can 
be prepared as shown in Scheme 1 5 , A compound of formula 
LXXI can be prepared from a alpha-amino ester LXX and a 
3-buten-l -y 1-bromide. A compound of formula LXXI can be 
reduced with a reducing agent such as diisobutyl aluminum 
hydride to provide a compound of formula LXXIL 
Alternatively, a compound of formula LXXII can be 
obtained from a compound of formula LXXI by a two step 
procedure involving reduction with lithium borohydride and 
oxidation with pyridinium chlorochromate. This compound 



of formula LXXII can be substituted for a compound of 
formula XIV in Scheme 1 to give a compound of formula 
LXXIII. Further elaboration of LXXJII as described above 
provides a compound of formula V where Z i is NR 23 . 
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A compound of formula V where Z 2 is oxygen can be 
prepared as shown In Scheme 16. A compound of formula 
LXXV can be prepared from a beta -hydroxy ester LXXIV 
55 and an allylating agent such as allylbromide (or an allyl 
bromide and silver tridate). A compound of formula LXXV 
can be reduced with a reducing agent such as diisobutylalu- 
minum hydride to provide a compound of formula LXX VI. 
60 Alternatively, a compound of formula LXXV1 can be 
obtained from a compound of formula LXXV by a two step 
procedure involving reduction with lithium borohydride and 
oxidation with pyridinium chlorochromate. This compound, 
of formula LXXV! can be substituted for a compound of 
6s formula XIV in Scheme 1 to give a compound of formula 
LXX VII. Further elaboration of LXX VII as described above 
provides a compound of formula V where Z 2 is oxygen. 
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Similarly, a compound of formula V where Z 2 is NR 23 can 50 
be prepared as shown in Scheme 1 7. A compound of formula 
LXXIX can be prepared from a beta-amino ester LXXVIII 
and an allylating agent such as allylbromide. A compound of 
formula LXXIX can be reduced with a reducing agent such 55 
as dusobutylaimnmum hydride to provide a compound of 
formula LXXX. Alternatively, a compound of formula 
LXXX can be obtained from a compound of formula 
LXXIX by a two step procedure involving reduction with 6() 
lithium borohydride and oxidation with pyridinium chloro- 
chromate. This compound of formula LXXX can be substi- 
tuted for a compound of formula XIV in Scheme 1 to give a 
compound of formula LXXXL Further elaboration of 
LXXXI as described above provides a compound of fonnula 
V where Z 2 is NR 23 , 



A compound of fonnula V where W is oxygen or NR 15 
and X is FLH can be prepared as shown in Scheme 18. A 
compound of formula V can be converted to a compound of 
formula [LXXIX] LXXXII, where P 4 and P 5 are hydroxyl 
protecting groups, by treatment with a reagent such as 
t-butyldimethylsilyltriflate, A compound of formula 
LXXXIII can be prepared from a compound of formula 
65 LXXXII by treatment with Lawessords reagent, A com- 
pound of formula LXXXIV can be prepared from a com- 
pound of fonnula LXXXIII by using a reducing agent such 
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as tri-mbutyltin hydride when W is oxygen or by treatment 
with methyl iodide and sodium borohydrlde when W is 
NR iS . Removal of the protecting groups from a compound 
of formula LXXXIV, using for example hydrogen fluoride 
when P 4 and P 5 a re silyl groups, provides a compound of 
formula V where W is oxygen or MR 15 > and X is H,H. 

S^hcmeJ-2 


R$ 



0 OH O 
V 


Rs 



O OP 5 o 
LXXXXV 


Rs 









OH 




5 


10 


-continued 

R s 



OP s 


R.5 






60 A compound of formula V where W, X and Y are oxygen, 

and R : is alkyl or substituted alkyl can be prepared as shown 
in Scheme 1 9. A compound of formula V can be protected to 
give a compound of formula LXXXXV, where P 5 and P 6 are 
hydroxyl protecting groups, by treatment with a reagent 
65 such as t-butyldimethylsilyl trifluoromethanesulfonate. A 
compound of formula LXXXXVI can be prepared from a 
compound of formula LXXXXV by treatment with a reduc- 
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ing agent such as sodium borohydride. A compound of for- 
mula LXXXXVII can be prepared from a compound of for- 
mula LXXXXVI by protection of the hydroxyl group, where 
P 7 is for example p-methoxybenzyl, using p-methoxybenzyl ^ 
irichloroacetimidate. Removal of the protecting groups P 5 
and P 6 of a compound of formula LXXXXVII using, for 
example, hydrogen fluoride in pyridine when P 5 and P 6 are 
t-buty ldimethy lsily 1 groups provides a compound of formula 
LXXXXV1II which then can be selectively protected using io 
for example t-butyldlmethylsilyl chloride to give a com- 
pound of formula LXXXXIX where P 8 is a 
t-butyldimethylsilyl group. A compound of formula C can be 
prepared from a compound of formula LXXXXIX by treat- 
ment with a base such as lithium diisopropylamide followed 1 5 
by treatment with an alkylating agent such as methyl iodide. 

A compound of formula C can be protected to give a com- 
pound of formula Cl, where P 9 is a hydroxyl protecting 
group, by treatment with a reagent such as 2 o 
t-butyldimethylsilyl trifluoromethanesulfonate. A compound 
of formula CII can be prepared from a compound of formula 
Cl by removal of the P 7 group using, for example, DDQ 
when P 7 is a p-methoxybenzyl group. A compound of for- 
mula V, where W, X and Y are oxygen, and R x is alkyl or 25 
substituted alkyl, can be prepared from a compound of for- 
mula CII by oxidation using, for example, TPAP/NMO fol- 
lowed by removal of the protecting groups using, for 
example, hydrogen fluoride when P s and are silyl groups. ^ 
This compound of formula V can be further oxidized with 
dimethyldioxirane as shown in Scheme I to provide the cor- 
responding epoxide compound of formula V. 





V(Q is oxirane group) 



O OH O 


V(Q is ethylene group) 


A compound of formula V where X is oxygen and Q is an 
olefin can be prepared from a compound of formula V where 
X is oxygen and Q is an oxirane ring by treatment with a 
reactive metallocene such as titanocene, zircooocene or 
niobocene as shown in Scheme 20 (see for example R. 
Schobert and U. Bohleia, Synlett (1990), 465-466.). 


Schemed! 



V (W is oxygon) 



O OH O 
V (W is NR i5 ) 


A compound of formula V where X is oxygen and W is 
NRj 3 , where R 1S is hydrogen, can be prepared from a com- 
pound of formula V where both X and W are oxygen as 
shown in Scheme 21. A compound of formula CI11 can be 
prepared from a compound of formula V where both X and 
W are oxygen by formation of pi-allylpalladium complex 
using, for example, palladium tetrakistriphenylphosphine 
followed by treatment with sodium azide (see, for example: 
Murahashi, S.-I.; et. al. J. Org. Cliem. 1989, 54, 3292). Sub- 
sequent reduction of a compound of formula CI1I with a 
reducing agent such as triphenylphosphine provides a com- 
pound of formula CIV. A compound of formula V where X is 
oxygen and W is NR 1S , where R 1S is hydrogen, can be pre- 
pared from a compound of formula CIV by macrolactamiza- 
tion using, for example, diphenylphosphoryl azide or bro- 
motripyrrolidinophosphonium hexafluorophosphate 
(PyBroP). 
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temperature for 2 h, and then the flask was equipped with a remained blue (I h). 0 2 was then bubbled through for 1 5 min 
Dean-Stark trap and heated at 160° C. for 20 h. The reaction followed hy N 2 for 30 min after which time the solution 
mixture was then cooled to room temperature, and the flask became clear. Triphenylphosphine (10 g, 38 mmol) was then 
was equipped with a vigreux column distillation apparatus. added and the reaction mixture was wanned to -35° C. and 
Distillation under high vacuum gave 135 g (50%)ofCom- 5 stored fori 6 h. The volatiles were removed in vacuo and the 
pound A as a clear colorless oil. MS (M+H, 142). residue was purified by flash chromatography eluting with 

B. 2,2-Dimethyl-3-oxopentanal. 8% EtOAc/hexanes to give 8.9 g (74%) of Compound D as a 

To a stirring solution of propionyl chloride (44 ml ., 0.50 clear, colorless oil. l H NMR (CDC1 3 , 300 MHz) d 9.75 (m, 

mol) in ether (135 mL) at 0° C. under nitrogen was added a 1 H), 4.53 (t, J=4.8 Hz, 1H), 3.40-3.60 (m, 4H), 1,10 (s, 3H), 
solution of Compound A (69 g, 0.50 mol) in ether (135 mL) to 1.07 (s, 3H), 0.98 (t, 1=7.0 Hz, 3H), 0.83 (s, 9H), 0.07 (s, 
over 45 min. After addition was complete, the reaction mix- 3H), 0.04 (s, 3H). 

ture was stirred at reflux for 2 h, and then stirred at room E. 3tert~Butyldimethylsiloxy-4,4-dimethyl-5-oxoheptanoic 
temperature for 1 6 h. The reaction mixture was filtered, and acid. 

the filter cake was washed with ether (50 mL). The volatiles To a solution of Compound D (3.90 g, 13.6 mmol) in 

were removed in vacuo. The residue was taken into H 2 0 (80 is t-butanol (75 mL) was added 2 -methyl -2-butene (5.85 mL, 
mL) and the solution was adjusted to a pH of 4. Ether was 55.2 mmol), and then a solution of sodium chlorite (4.61 g, 
added (80 mL ) and the biphasic mixture was stirred for 1 6 h. 40.8 mmol) and sodium phosphate monobasic (2.8 1 g, 20.4 
The reaction mixture was poured into a separatory funnel, mmol) in H z O (15 mL) was added dropwise at room tem- 
the layers separated, and the aqueous layer was extracted perature. The reaction mixture was stirred for 0.5 h and then 
with ether (5x100 mL). The combined organics were dried 20 the solvents were removed in vacuo. To the residue was 
(MgS0 4 ), filtered, and evaporated in vacuo. The residue was added H 2 0 (1 50 mL) followed by extraction with EtOAc 
distilled under high vacuum to give 10.4 g (16%) of Com- (3x150 mL). The combined organic extracts were dried 
pound B as a clear, colorless oil. MS (M-H, 127). (MgS0 4 ), filtered, and the volatiles were removed in vacuo. 

C. 4-tert-Butyldimetbylsilyloxy-5,5-dimethyl-6-oxo-l- The residue was purified by flash chromatography eluting 

0 ctene. 25 with 20% EtOAc/hexanes/ 1 % AcOH to give 3 .79 g (92%) of 

j 0 a solution of (-)-B- Compound E as a clear, colorless, viscous oil. MS (M+H, 

methoxydiisopinocamphenylborane (25.7 g, 81 mmol) in 303) 

ether (80 mL) at 0° C. under nitrogen was added 1.0 M F. (R,R)-N-(2-Hydroxy~l-methyl-2-phenethyl)-N,2-(S)- 
allylmagnesium bromide in ether (77 mL, 77 mmol) over 1.5 dimethyl-6-hepteaeamide. 

h. The reaction mixture was stirred at 25° C, for 1 h, and then 30 A suspension of LiCi (6.9 g, 0.16 mol) and preformed 
concentrated in vacuo. The residue was extracted with pen- lithium diisopropylamide (Aldrich, 2.0 M solution in 

tane (2x150 mL), and the extracts were filtered through heptane/ethylbenzene/THF, 27.6 mL, 55 mmol) in addi- 

Celite under nitrogen. The combined extracts were then tional THF (70 mL) at -78° C. was treated dropwise with a 

evaporated in vacuo to give the solution of (R,R)-N-(2-hydroxy~l-methyI-2-phenylethyl)- 
B-allyldiisopinocamphenylborane. This material was taken 35 N-methyl propionamide (6.0 g, 27 mmol, Meyers, A. G. et 
up in ether (200 mL) and cooled to -100° C. under nitrogen. al. J. Am. Chem. Soc. 1 994, 11 6, 936 1) in THF (30 mL) over 

A solution of Compound B (1 1 .42 g, 89 mmol) in ether (90 1 0 min. The bright yellow, reaction mixture was stirred at 

mL) at -78° C. was then added over a 1 h period. The reac- -78° C. (1 h), at 0° C. (15 min), and at 25° C. (5 min) before 

tion mixture was stirred for an additional 0.5 h and methanol being recooled to 0° C. and treated with a solution of 

(1.5 mL) was added. The reaction mixture was brought to 40 5-bromo-l-pentene (4.8 mL, 40 mmol) in THF (5 mL). The 
room temperature, treated with 3 N NaOH (32 mL) and 30% reaction mixture was stirred at 0° C. (24 h), poured into 

H,0, (64 mL), and then kept at reflux for 2 k. The reaction saturated aqueous NH 4 C1 (100 mL) and EtOAc (100 mL). 

mixture was cooled to room temperature, the layers were File two phases were separated and the aqueous phase was 

separated, and the organic phase was washed with H 2 0 (500 further extracted with EtOAc (3x100 mL). The organic 

mL). The combined aqueous washes were re-extracted with 45 extracts were combined, washed with saturated aqueous 
ether (2x100 mL). The combined organic extracts were NaCl (200 mL), dried (Na2S0 4 ), and concentrated in vacuo, 

washed with saturated aqueous NaCl (100 mL), dried Flash chromatography (Si0 2 , 4.0x25 cm, 2 % MeOH— 

(MgSOJ filtered, and concentrated in vacuo. This residue CHC1 3 ) afforded Compound F (6.9 g, 88%) as a pale yellow 

was taken up in CH-,Cl 2 (250 mL), cooled to 0° C., and oil. MS (ESI + ): 290 (M+H) + ; MS(BSi ): 288.2 (M-H) . 

diisopropylethylamine (93 mL, 535 mmol) was added. To so G. (S)-2-Methyl-6-heptenol. 

the stirring solution was then added tert-butyldimethylsilyl A 250 mL round-bottom flask at 0° C. was charged 
trifiuoromethanesulfonate (69 g, 260 mmol) slowly as to not sequentially with pyrrolidine (2.6 mL, 30 mmol) and BH 3 - 

increase the temperature above 10° C. After complete THF complex (1.0 Min THF, 33 mL,30mmol).Theborane- 

addition, the reaction mixture was poured into H 2 0 (650 pyrrolidine complex was warmed to 25° C. (1 h), recooled to 

mL), the layers were separated, and the aqueous layer was 55 0° C, and treated with n-butyllithium (1.6 M in hexane, 19 
extracted with CH 2 C1, (2x650 mL). The combined organics mL, 30 mmol) dropwise over 30 min while carefully main- 

were dried (Na 2 S0 4 )~ filtered, and concentrated in vacuo. taining an internal temperature below 5.5° C. The reaction 

The residue was purified by flash chromatography eluting mixture was stirred at 0' ; C. for an additional 30 min before a 

with hexanes followed by 10% EtOAc/hexanes to give 17.2 solution of Compound F (3 .0 g, 10 mmol) in THF (23 mL) 

g (78%) of Compound C as a clear, colorless oil. Hie enan- 60 was added dropwise over 10 min. The reaction mixture was 
tiomeric excess was found to be 94% determined by ! H stirred at 25* C. (6 h) before being quenched by the dropwise 

NMR analysis of the Mosher’s ester of the alcohol. 13 C addition of aqueous 3 N HC1 (25 mL). The reaction mixture 

NMR (CDC1 3 , 80 MHz) d 215.8, 136.1, 116.5, 52.8, 39.0, was then poured into aqueous 1 N HC1 (200 mL) and 

31.9, 26.0, 22.4, 20.1, 18.1, 7.6, -3.6, -4.4. extracted with Et 2 0 (4x80 mL). The combined organics 

D. 3-tert-Butyldimetliylsiloxy-4,4-dimethyl-5-oxoheptanal. 65 were washed with a 1 : 1 solution of saturated aqueous NaCl- 
Through a solution of Compound C (10.8 g, 38.0 mmol) aqueous 1 N HC1 (2x 1 50 mL) and concentrated in vacuo. An 

in CH 2 C1 2 at -78° C. was bubbled 0_, until the solution aqueous solution of NaOH (1 N, 200 mL) was added to the 
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residue and the suspension was stirred for 30 min. Tire mix- 
ture was extracted with Et 2 0 (3x100 mL) and the combined 
ether layers were washed with a 1:1 solution of saturated 
aqueous NaCl-aqueous 1 N NaOH (2x200 mL), dried 
(Na 2 S0 4 ), and concentrated in vacuo. Flash chromatography 
(Si0 2 , 4.0x25 cm, 15-25% Et 2 0-pentaae gradient elution) 
afforded Compound G (1.26 g, 95%) as a colorless oil. 
[a] 25 D-ll (c 12, CH 2 CI 2 ). 

H. (S ) -2 -Methyl - 6 -heptena 1 . 

A solution of Compound G (0.24 g, 1 .9 mmol) in CH 2 C1 2 
(6 mL ) was treated with pyridmium chlorocbromate (0.61 g, 
2.8 mmol) and the reaction mixture was stirred at 25° C for 
5 h. The resulting dark brown viscous slurry was passed 
through a silica gel-Celite plug (Celite 1,0x1 cm on top of 
Si0 2 , 1 .0x5 cm, eluting with 50 mL of CH 2 C1 2 ). The solvent 
was removed in vacuo to afford crude Compound H (0. 15 g, 
63%) as a colorless oil, winch was sufficiently pure to use in 
subsequent reactions. X H NMR (300 MHz, CD 5 C1 2 ) d 9.62 
(s, 1H), 5.88-5.68 (m, 1H), S. 13-4.92 (m, 2H), 237-2.24 
(m, 1H), 2.15-2.05 (m, 2H), 1.62-1.78 (m, 1H), 1.51-132 
(m, 3H), 1 .07 (d, 3H, J=7.0Hz). 

I. (3S,6R,7S > 8S)-3-tert-ButyldimethylsUoxy-4, 4,6,8- 
tetraraethyl>7~hydroxy-5-oxO'* 1 2-tridecenoic acid. 

To a preformed LDA solution (Aldrich, 2.0 M solution in 
heptane/ethylbenzene/THF, 3.8 mL, 7.6 mmol) in additional 
THF (25 mL) at -78° C. was added a solution of Compound 
E (L0 g, 3.4 mmol) in THF (5 mL) dropwise over 3 min. The 
reaction mixture was stirred at -78° C. (10 min), warmed to 
-40° C. (20 min), and recooled to -78° C. before Compound 
H (0,56 g, 4.4 mmol) in THF (5 mL) was added.. The reac- 
tion mixture was warmed to -40° C.„ stirred for 1 h, and 
diluted with saturated aqueous NB 4 Cl (50 mL). The two 
layers were separated and tile aqueous phase was extracted 
with EtOAc (4x50 mL). The combined organic layers were 
washed with saturated aqueous NaCl (100 mL), dried 
(Na 2 S0 4 ), and concentrated in vacuo. Flash chromatography 
(Si0 2 > 2.5x20 cm, 2-5% MeOH— CHCI 3 gradient elution) 
followed by HPLC (YMC S40, ODS, 30x500 mm column, 
eluting with MeOH at a Oow rate of 20 mL/min) separation 
afforded the desired syn-aldol product Compound I (0.60 g, 
43%) and an undesired diastereomer (032 g, 22%) along 
with starting Compound E (-10%). 

MS (ESI 4 *): 8793 (2M+Na) + , 451.2 (MHNa) 4 *, 429.2 
(M+H) 4 *; MS(ESr): 427.3 (M-H)". 

Stereochemistry was confirmed by direct comparison of 
both the 15 C and X H NMRs of the subsequent ester derivative 
(used in the synthesis of Epothilone C) to the same interme- 
diate previously described by K. C. Nicolaou et al, Angew. 
Chem. Int. Ed. Engl. 1 997, 36, 166. 

J. (S)-2[N-[(tert-Butyloxy)carbonyl]amino]-4pentenoic 
acid. 

A solution L-2-amino-4-pentenoic acid (NovaBiochem, 
3.0 g, 26 mmol) in THF-H 2 0 (1:1, 200 mL) at 0° C. was 
treated sequentially with NaHC0 3 (6.6 g, 78 mmol) and 
di-tert~butyl dicarbonate (10.4 g, i.8 mmol). 'Flue reaction 
mixture was warmed to 25° C. and stirred for 1 6 h. The pH 
of the mixture was adjusted to 4 by the careful addition of 
saturated aqueous citric acid at 0° C., and the mixture was 
extracted with EtOAc (4x50 mL). 'The combined organic 
layers were washed with saturated aqueous NaQ (75 mL), 
dried. (Na 2 S0 4 ), and concentrated in vacuo. Flash chroma- 
tography (Si0 2 , 4,0x6 cm, 5-10% MeOH — CHC1 3 gradient 
elution) afforded Compound J (5,5 g, 99%) as a colorless oil. 
MS(ESL): 429.3 (2M-H)”, 214.1 (M-H)“ 

K. (S)-2-[N a -[(teit-Buiy1oxy)carbonyl]amino]-N-methoxy- 
N -methy 1-4-penteneamide. 

A solution Compound J (2.9 g, 13 mmol) in CHC1 3 (55 
mL) at 0° C. was treated sequentially with N,0- 


36 

dimethylhydroxylamine hydrochloride (1.4 g, 15 mmol), 

I -hydroxybenzotriazole (2.0 g, 15 mmol), 
4-methylmorpholine (4.4 mL, 40 mmol), and 1~(3- 
dimethylammopropyl)-3-ethylcarbodiimide hydrochloride 
5 (3.4 g, 18 mmol). The reaction mixture was gradually 
warmed to 25° €., stirred for 16 h, and diluted with B 2 0 
(100 mL). The two layers were separated and the aqueous 
phase was extracted with EtOAc (3x75 ml/). The combined 
organic phases were washed with aqueous 5% HC1 (100 
mL), saturated aqueous NaHC0 3 (100 mL), saturated aque- 
0 ous Nad (100 mL), dried (Na ? S0 4 ), and concentrated in 
vacuo. Flash chromatography (Si0 2 , 3,0x20 cm, 25-50% 
EtOAc-kexane gradient elution) afforded Compound K (2.5 
g, 71%) as a colorless oil. MS (ESI 4 *): 258.9 (M+H)*, 202.9 
(M-lsobutylene), 158.9 (M-BOC); MS(ESF): 257.2 
15 (M-H)-. 

L. (3) - 3 -[N- [( tert-B uty loxy) carb o ny ljamino ] -hexen- 2-one . 

A solution of Compound K (2.5 g, 1.0 mmol) in THF (65 

mL) at 0° C. was treated with, methylmagnesium bromide 
(3.6 M in Et 2 0, 8.1 mL, 2.4 mmol). The reaction mixture 
20 was stirred at 0° C. (2.5 h) and carefully poured into satu- 
rated aqueous NH 4 C1 (100 mL). The two layers were sepa- 
rated and the aqueous phase was extracted with EtOAc 
(3x75 mL). The combined organic extracts were washed 
with saturated aqueous NB 4 C1 (75 mL), H 2 0 (75 mL), salu- 
rated aqueous NaCl (75 mL), dried (MgS0 4 ), and concen- 
trated in vacuo. Flash chromatography (Si0 2? 3.0x20 cm, 
10-25% EtOAc diexane gradient elution) afforded (S)-2-[N- 
[(tert-Butyioxy)carbonyl]amino]-5-hexene-2-one (2.2 g, 
67%) as a colorless oil. MS (ESI 4 *): 213.9 (M+H) 4 *, 157.9 
(Mrisobutylene), 113.9 (M-BOC); MS(ESI“): 212.2 
30 (M-H)-. 

M. (S)-4-[3-[N-[(tert-Butyloxy)carbonyi]amino]-2-methyL 
1 (E), 5 -hexadi eny l]-2 -methyl Ihiazol e. 

A solution of 2-methyl -4 -thi a zo ly lmethyl diphenylphos- 
phine oxide (2.5 g, 8.0 mmol, Danishefsky et al. J. Org. 
55 Chem. 1996, 61, 7998) in THF (38 mL) at -78° C. was 
treated with n-butylhthium (1.6 M in hexane, 5.2 mL, 8,4 
mmol) dropwise over 5 min. The resulting brilliant orange 
mixture was stirred for 15 min at -78° C., and treated with a 
solution of Compound L (0,81 g, 3.8 mmol) in THF (5 mL). 
40 After 10 min at -78° C., the cooling bath was removed and 
the reaction mixture was allowed to warm to 25° C. (2 h). 
The mixture was poured into saturated aqueous NH 4 C1 (50 
mL) and the two layers were separated. The aqueous phase 
was extracted with Et 2 0 (3x50 mL) and the combined 
45 organic extracts were washed successively with H 2 0 (75 
mL), saturated aqueous NaHC0 3 (75 mL), saturated aque- 
ous NaCl (75 mL), dried (Na 2 30 4 ), and concentrated in 
vacuo. Flash chromatography (Si0 2 , 4.0x30 cm, 10-20% 
EtOAc -hexane gradient elution) afforded Compound M 
50 (0.23 g, 18%) as a colorless oil along with recovered starting 
ketone (20-30%). MS (ESI 4 *): 309.1 (MAH) 4 *, 253.0 
(M-isobutylene); MS(ESE): 307.3 (M-H)-. 

N. (S)-4-(3-Amino-2-methyl-l(E),5"hexadienyl)-2- 
methylthrazole. 

55 Compound M (0. 1 5 g, 0.49 mmol) was treated with 4 .0 N 
HC1 in 1 ,4-dioxane (5 mL) at 0° C. (30 min) under Ar. The 
volatiles were removed in vacuo, and the resulting white 
foam was dissolved in cold saturated aqueous NaHC0 3 (3 
mL). The solution was extracted with EtOAc (4x10 mL), 
60 and the combined EtOAc layers were dried (Na 2 30 4 ) and 
concentrated in vacuo. Flash chromatography (Si0 2 , 1 .0x5 
cm, 5-10% MeOH — CHCL gradient elution) afforded 
Compound N (88 mg, 88%) as a colorless oil. MS (ESI 4 *); 
209.0 (M+H) + ; MS(ESF): 207.2 (M-H)”. 

65 O. (3S,6R 3 7S,8S)-N-(S)-[l-(2-Methyl-4-tMazolyl)-2“ 
metliyLl(E),5-hexadien-3-yl]-3-tert-butyldimethylsiloxy-4, 
4,6 ,8-tetmmethy 1-7-hydroxy -5-oxo- 1 2-trideceneamide, 
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A solution of Compound N (SB mg, 0.42 mmol) in DM? 
(1.3 mL) at 0° C. was treated sequentially with Compound I 
(0.15 g, 0.35 mmol), 1 -hydroxy benzo triazole (49 mg, 0.36 
mmol), and 1 -(3~dimeihylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (0.10 g> 0.52 mmol). The 
reaction mixture was gradually wanned to 25° C.> stirred for 
15 h, and diluted with BUO (3 mL). The mixture was 
extracted with EtOAc (3x10 mL), an the combined organic 
phases were washed with aqueous 5% HC1 (10 mL), satu- 
rated aqueous NaHC0 3 (10 mL), saturated aqueous NaCl 
(10 mL), dried (Na 2 S0 4 ), and concentrated in vacuo. Flash 
chromatography (Si0 2 , 1.5x20 cm, 2.5% MeOH — CHCI 3 ) 
afforded Compound 6 (0.17 g, 77%) as a white foam. MS 
(ESI + ): 619.3 (M+H)*, 

P. [4S-[4R* ! ,7S*,SR*,9R*,15R*(E)]]~4tert- 
Buty ldimethy 1 siloxyhydroxy - 5 , 5, 7 ,9 -tetra methyl*- 1 6 -[ 1 - 
methyl-2-(2-methyl-4-thiazolyl)etheny]]-l -aza-1 3(E)- 
cyclo3bexadecene~2,6-dione, 

A solution of Compound O (17 mg, 27 mmol) in degassed 
benzene (8.0 mL) was treated with Grubb's catalyst [bis 
(tricyclohexyjpk)Sphine)betizylidine ruthenium dichloride, 
Strem Chemicals, 11 mg, 14 mmol) under Ar. The reaction 
mixture was stirred at 25° C. for 15 h and treated, again with 
an additional portion of catalyst (5.0 mg, 4.5 mmol). After 7 
additional hours, the benzene was removed in vacuo, and the 
black viscous residue was passed through a pad of silica gel 
(1.0x3 cm) eluting with EhO (25 mL). The eluent was con- 
centrated in vacuo to afford a separable 5: 1 (E/Z) mixture of 
geometric isomers. PTLC ($i0 2 , 1 mm plate, 2 elutions with 
a 1:1:1 solution of hexane-toluene-ethyl acetate) afforded 
the E-isomer Compound P (5.1 mg, 34%) and the corre- 
sponding Z-isomer (1 .0 mg, 6.7%). For Compound P: MS 
(BSD: 1181.7 (2M+H)*, 591.4 (M+H )*. For the Z-isomer: 
MS (ESI*): 1181.5 (2M+H)*, 613.2 (M+Ma)*, 591.2 
(M+H)*; MS (ESI"): 589.3 (M-H )“. 

Q. [4S-[4R^,7SL8R^,9R^,15R^(E)]]-4,8-Dihydroxy-5,5 J 7, 
9-tetramethyl-16-[l-methyl~2-(2-methy]-4-thiazolyl) 
ethenyl ]- 1 -aza- 1 3 (£)-cyclohexadecene-2,6-dIone. 

To a 1 dram vial charged with Compound P (2.3 mg, 3.9 
mmol) in CH 2 C1 2 (0.4 mL) at 0° C. was added trifluoroacetic 
acid (0. 1 mL). The reaction mixture was sealed under a blan- 
ket of Ar and stirred at 0° C. After 4 h, the volatiles were 
removed under a constant stream of Ar at 0° C, Saturated 
aqueous NaHC0 3 (1 mL) and EtOAc (1 mL) were added to 
the residue and the two layers were separated. The aqueous 
phase was extracted with EtOAc (4x1 mL), and the com- 
bined EtOAc layers were dried (Na ? S0 4 ) and concentrated 
in vacuo. PTLC (Si0 2 , 20x10x0.025 cm, eluting with 5% 
MeOH — C-HC1 3 ) afforded [4S-[4R*,7S*,8S*,9R*,15R* 
(E)]]-4, 8-dihydro xy-5, 5, 7, 9-tetramethyl-16-[Lmethyl-2-(2- 
methyl-4-thiazolyl)ethenyl]- 1 -aza- 1 3 (E)-cyclohexadecene- 
2,6-dione (1.3 mg, 68%) as a white film. MS (ESI*): 953.5 
(2M+H)*, 477.3 (M+H)*; MS (ESI"): 475.5 (M-H)". 

EXAMPLE 2 

The following compounds can be made following the 
reaction schemes previously disclosed: 

[lS-[ 1 R*,3R*(B),7R*> 1 0S*jl 1R* : , 1 2R*, 1 6S*]]-7, 1 1 - 
Dihydroxy -8,8, 10,12,1 6-penlamethyl -3-[ 1 -methyl -2 -(2 - 
methyl-4~thiazoiyl)etheny l]-4, 1 3, 1 7-trioxabicyclo 

[14.1 .0] heptadecane-5,9-dione; 
[lS[IR^3R^E),7RM0SVlRV2RV6S*]j-7,n- 

Dihy droxy-8, 8 ,30,12 -tetramethy 1-3 ~[ 1 -methyl -2-(2 - 
methyl-4-lhiazolyl}ethenyl]~4,13,17-trioxabicyclo 

[1 4. 1 .0] heptadecane-5,9~dione; 

[4S-[4R*, 73*, 8R*,9R*,15R*(E)]]-4,8-Dihydroxy~5, 5,7,9, 
1 3-pentamethyL 1 6-( 1 -methyl -2-(2-methyl-4-thiazolyl) 
ethenyl]- 1 , 10-dioxa-13-cycIoh.exadecene-2,6-dione; 
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[4S-[4R :}c J 7S*,8R’' i: ,9R ii: ,15R >i< (E)]]-4,8-Dihydroxy-5,5,7,9- 
tetramethyl-l 6~[1 -methyl -2-(2-methyM~thiazolyl) 
ethenyl]- 1 40-dioxa-l 3-cyclohexadecene-2 ,6-dione;- 

[lS-[lR^,3R 5}: (E),7R^,10S !l MlR^,I2R t L16S^]]-7 7 ll- 
5 Dihydroxy-8,8, 1 0,12,1 6-pentamethyl -3-[ 1 -i:nethyl~2-(2- 

methyL4-thiazolyl)ethenyl]-4,14,17-trioxabicyclo 

[14. 1 .0] heptadeeane-5,9-dione;] 

[1S-[1R*,3R*(E),7R*,10S*,1 1 R^,12R*,16S^]]-7,1 1- 

Dihydroxy-8,8,10 5 12-tetramethyl-3-[l-methyl-2-(2- 
methyL4"thIazolyl)ethenyl]-4 J 14,17-tnoxabicyclo 
J [14.1.0]heptadecane-5,9-dione; 

[4S-[4R ils ,7$-,8RL9R*,15R :4: (E)]]-4,8-Dihydroxy-5,5,7 ? 9, 

1 3 -pentamethyl- 1 6-[ 1 -methy 1 -2-(2-methy 1-4-thia zolyl) 
ethenyl]- 1,1 l-dioxa-I 3-cyclobexadecene~2,6 -dione; 

[4S-[4R*,7S*,8R*,9R*, 15R*(B))]]-4, 8-Dihydroxy-5, 5,7,9- 
15 tetramethyLX6-[l-methyl-2-(2-methyl-4-thiazolyl) 
ethenyl]- 1 , 1 1-dioxa-l 3-cyclohexadecene-2,6-dione; 

[1S-[1R^R*(E),7RV0SV1RV2R*,16S*]]-7,11- 
Dihydroxy-8,8,1 0, 12, 1 6 -pentam ethyl -3 - [ 1 -methyl-2-(2- 
methy 1 -4- thiazolyl )etheny l]-4, 1 7 -di oxabicy clo[ 1 4 . 1.0] 
20 heptadecane- 9- one ; 

1S-[1R^R*(E),7R^1QS*,1IR*,12R*,16S*]]-7,11- 
Dihydroxy-S,S,10,12-tetramethyb3-[l-methyl-2-(2- 
rnethy l-4-thiazolyl)etheny 1 ]-4, 1 7 -di oxabicy cl o[ 1 4 . 1.0] 
heptadecane-9-one; 

25 [lS-[lR^,3R^(E),7R^ J 10S^,llRM2R^ ) 16S^]]-7,n- 
Dihydroxy-3,8,8, 10,12,1 6-hexamethyl-3-[l -methyl-2-(2- 
methyl“4-thiazoiyl)ethenyl]-4,3 7-dtoxabicyclo[14.1 .0] 
heptadecane-5, 9 -dione; 

[1S-[1R^R*(E),7R^0SM1RM2R*,16S*]]-7,11- 
30 Dihydroxy-3,8,S,10,12“pentamethyl-3-[l-methyl-2-(2- 
methyl -4 -thiazolyl)etheny l]-4 : 1 7-dioxabicy clo[ 1 4 . 1.0] 
heptadecane-5,9-dione; 

[4S-[4R*,7S*,8R*,9R*,15R*(E)]]-4,8-Dihydroxy-5,5,7,9 s 
1 3, 1 6-hexamethy LI 6-[ 1 - methy I - 2 - (2 - methy 1 -4-thiazolyl) 
3 5 ethenyl]- 1 -oxa- 1 3-cyclohexadecene-2 ,6-dione; 

[4S-[4R }? ,7S }i; ,8R^,9R^,15R^(E)]]-4,8^Dihydroxy-5,5,7,9, 
1 6-pentamethyl- 1 6 -[ I -methyl-2-(2~methy 1-4-thia zolyl) 
ethenyl]-! -oxa- 1 3-cyclohexadecene-2,6-dione; 

[lS~[lRL3R*(E),7R%103VlR*,12R*,i6S*]]-7,ll- 
40 Di hydroxy- 6, 8, 8, 1 0, 1 2, 3 6-hexamethyl-3-[l -methyl -2-(2-* 

metliyL4-tliiazoIyl)ethenyl]-4,l 7-dioxabicyclo[ 1 4.1.0] 
heptadecane-5, 9 -dione; 

[1S-[1R%3R*(E),7RV0S*,I1R*,12R*,16S*]]-7,11- 
Dihydroxy-6,8,8, 1 0, 1 2-pentamethyl“3 ~[ 1 -methy l-2-(2- 
45 methyl-4-thiazolyl)etheiiyl]-4, 17-dioxabicycIo[14.1 .0] 
heptadecane-5,9-dione; 

[4S-f4RL7S*,8R : L9RM5R*(E)]]-4,8-Dihydroxy-5,5 5 7,9- 
tetramethyh 1 6-[ 1 -methy I-2-(2-methyL4-thiazolyl) 
ethenyl]- 1 -aza- 1 3-cyclohexadecene-2,6-dione; 

50 [1S-[1R^R*(E),7RVGSV1R^2RV6S*]]~7,11- 
Dihydroxy-4 ,8,8, 1 0, 1 2,1 6-hexamethyl-3-[ 1 -methyl-2-(2- 
methyl-4-thiazolyI)ethenyl]-4-aza4 7-oxabicyclo[ 1 4, 1 .0] 
heptadecane- 5,9-dione;] 

[1S-[1R^R*(B),7RMQSV1R*,12R*,16S *]]-7,ll- 
55 Dihydroxy-4,8,8, 10, 12 -pentamethy 1-3 ~[1 -methyl-2 -(2- 

methyl~4~tIriazolyl)etbenyl.]-4~aza-l 7-oxabicyc1o[ 1 4. 1 .0] 
heptadecane-5, 9-dione; 

[4S-[4R^,7S J}: ,8R^,9R 3!i J 15R^(E)]]-4,8-Dihydroxy-l,5,5,7, 
9 , 1 3-hexamethyl- 1 6-[ 1 -methyl -2-(2-methyl-4-thiazolyl) 
60 ethenyl]- 1 -aza- 1 3 ~cyc!ohexadecene-2,6-dione; 

[4S-[4R^,7S^,8R*,9Rni5R JJ: (E)]>4,8-Diliydroxy-L5 J 5,7 J 
9 -pentamethyl- 1 6-[ 1 -methyl -2- (2-methy 1-4-thia zolyl) 
ethenyl]- 1 -aza- 1 3 -cyclohexadecene-2,6-dione; 

[1S-[1R^R*(E),7RV0SM1RV2R*,163*]]-7,11- 
65 Dihy droxy-8 ,8,1 0, 12, 1 6-pentamethyl-3-[ 1 -methyl-2-(2- 

methyl-4-thiazolyl)etkenyl]-l 3-aza-4,1 7-dioxabicyclo 

[14.1 .0] heptadecane-5,9-dione; 
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[lS-[lR*,3R*(E),7R*,10S iJ1 ,IlR*,12R* 3 16S*]]~7,ll- 
Dihy droxy - 8 ,8 , 10,1 2 -tetramethy 1^-3 -[1 -m ethyl-2 -(2- 
methyM-thiazolyl)ethenyl]-13-aza-4 5 17-dioxabicyclo 
[14.1 ,0]heptadeeane~5,9-dione; 

[4S“[4R*,7S*,8R*,9R*,15R*(E))]-4,8-Dihydroxy"S>5,7,9, 

1 3 -pentamethyl-16 -[ I -methy l-2-(2~methyl -4 -thi azo lyl ) 
ethenyl]- 1 O-aza-1 -oxa~ 1 3-cyc]ohexadecene-2,6-dione; 

[4S-[4R 831 J 7S* > 8R* J 9R 3?L ? 15 R^(E)]]“4 ,8-Dihydroxy- 5 ,5,7,9- 
tetramethy 1- 1 6-[ 1 -methyl -2 - (2 -methy 1-4 - thiazo iy 1 ) 
ethenyl]- 1 Q-aza- 1 -oxa- 1 3- cyclohexadecene~2,6-dione; 

[1S-[1R*,3R^(E),7RM0SM1R^ ? 12RM6S*]]-7,11- 
Dihydroxy ”8,8,10,12,1 6-pentamethy I -3 -[ 1 -methy l-2-(2 - 
methy 1 -4 -thiazoly l)ethenyl]- 1 4 -aza -4 , 1 7 -dioxab icyclo 
[1 4. 1 .G]heptadecane-5,9-dione; 

[1S~[1R^R*(B),7R^10SM1RV2R^6S*]3~7,11- 
Dihy droxy - 8,8,10,12 -tetramethy ! - 3 -[ 1 -methyl ~2~(2- 
methyl-4-thiazolyl)ethenyl]-14-aza-4,17-dioxabicyclo 
[14,1. Qjheptadecane-5 ,9-dione; 

[4S-[4R ,)! 9 7S* > 8R*,9R*,15R 1,t (E)]]-4 > 8-Dihydroxy-5 3 5,7,9, 
13 -pentamethyl -T 6 -[ 1 -methy l-2~(2 -methy I-4-thiazolyl) 
ethenyl]- 1 1 -aza-1 ■ -oxa- 1 3 -cydohexadecene-2 } 6-dione; 

[43"[4RV7S*,8R* 3 9R*,15R*(E)])-4 5 8-Dihydroxy“5,5,7,9- 
tetra methy 1 - 1 6 -[ 1 -methy 1 - 2 - (2 -m ethy 1- 4 - thiazoly I ) 
ethenyl]-! 1 -aza-1 -oxa~l 3-cyclob.exadecene~2,6-diane; 

[lS-[lR $ ,3R^ 5 7R’ ie J 10S He 5 llR^ > 12RM6S !,( ]>N-Phenyb7 7 
1 1 -dihydroxy-8 ,S, 1 0, 1 2, 1 6-pentamethy 1-5 ,9-dioxo-4, 1 7- 
dioxabicyclo[14, 1 ,0]heptadecane-3 -carboxamide; 

[1S-[1R*,3R*/7R* 10S iit ,nR^ f 12R J5c ,16S :5c ]]-N-Phenyl-7, 
1 1 -dihydroxy-8,8,10, 12~tetramethyl-5,9-dioxo~4, 17- 
dioxabicyclo[ 14.1 .0]heptadecane-3 -carboxamide; 

[4S^4R* > 7S*8R*,9R*45R»]]-N-Pheiiyl4,8-dihydroxy-5, 
5 ,7, 9,1 3 -pentamethyl -2,6- dj oxo- 1 - oxa- 13 - 
cyclohexadecene-1 6 -carboxamide ; 

[4S^4R* f 7S*8R*,9R*,15R ,|t ]]-N-PhenyW,8-dihy<ifoxy-5 > 
5 ? 7,9-tetramethyl-2,6~dioxo-l-oxa-13-cyclohexadecene- 
16 -carboxamide. 

[lS»[lR^R*(E),7RM0SVlR*,i2R*,l6S*]]~7,ll- 
Dihy droxy -8,8 s 1 0, 1 2, 1 6-pentamethy 1 -3~[ 1 -methy I-2-(2- 
methyl-4-thiazolyl)cyclopropyl]-4,17-dioxabicyclo 
[ 1 4 , 1 .0]heptadecane-5,9-dione. 

[1S-[R^R*(E),7RV0S*,11R*,12R*,16S*]]-7,11~ 
Dihydroxy - 8 ,8 , 10,1 2 -tetramethy 1-3 -[ 1 -methyL2-(2- 
methyl-4-thiazolyl)cyclopropyl]-4,17-dioxabicyclo 
[14. L0jieptadecaae-5,9-dione. 

EXAMPLE 3 


0 ,„ 


McT 
Me Me 


O OH O 

[lS-[lR 5! \3R*(E),7R*,10S* > nR' , ‘ a 12R* > 16S*]]-7 > 3 1- 
Dihy droxy ~8 ,8 , 10,12,1 6-pentamethyl-3 -[1 - methy l-2-(2» 
raethyl-4-tliiazolyl)ethenyl]-4-aza- 1 7-oxabicyclo[ 14.1 .0] 
heptadecane-5,9-dione. 

A. (33 ,6R,7S, 8S, I2R, 13S, 1 5S> 1 5-Azido- 12,1 3-epoxy- 

4, 4, 6, 8, 12,1 6-liexamethyl -7-hydroxy- 17 “(2-methyl -4- 
thiazolyl) -5 -oxo- 1 6-heptadecenoic acid. 

A solution of epothilone B (0.35 g, 0.69 mmol) in 
degassed THE (4.5 mL) was treated with a catalytic amount 
(80 mg, 69 mmol) of tetrakis(triphenylphospliine) palladium 


(0) and the suspension was stirred at 25° C., under Ar for 30 
min. The resulting bright yellow, homogeneous solution was 
treated all at once with a solution of sodium azide (54 mg, 
0.83 mmol) in degassed H 2 0 (2.2 mL). The reaction mixture 
5 was warmed to 45° C. for 1 h, diluted with 0 2 O (5 mL) and 
extracted with EtOAc (4x7 mL). The organic extracts were 
washed with saturated aqueous NaCl (15 mL), dried 
(Na 2 S0 4 ), and concentrated in vacuo. The residue was puri- 
fied by flash chromatography (Si0 2 , 3.0x15 cm, 95:5.0:0.5 
10 CHC1 3 — MeOH — AcOH) to afford Compound A (0.23 g, 
61%) as a colorless oil. MS (ESC): 551 (M+H) + ; MS(ESL): 
549 (M-HTT 

B. (3S,6R,7S,83,1 2R,1 3S, 1 5S)-15- Amino- 1 2, 1 3epoxy-4, 
4,6,8, 12, 16-hexametkyl-7-hydroxy- 17-(2-methyl-4- 

1 5 thiazoly 1)- 5 -oxo- 1 6-heptadecenoic acid. 

A solution of Compound A (0.23 g, 0.42 mmol) in THF 
(4.0 mL) was treated with H 2 0 (23 mL, 1.25 mmol) and 
polymer supported tripheaylphospliine (Aldrich, polysty- 
rene cross-linked with 2% DVB, 0.28 g, 0.84 mmol) at 25° 
20 C. The resulting suspension was stirred at 25° C. under Ar 
(32 h), filtered through a Celite pad and concentrated in 
vacuo. The residue was purified by flash chromatography 
(SiO a , 1.5x10 cm, 95:5.0:0.5 to 90:10:1.0 CHC1 3 — 
MeOB— AcOH gradient elution) to afford Compound B (96 
25 mg, 44%) as a colorless oil MS (ESP'): 525.2 (M+B)*; 
MS(ESr): 523,4 (M-H)~. 

Alternatively, to a 25 mL round-bottom flask charged with 
Compound A (0.26 g, 0.47 mmol) and Pt0 2 (0.13 g, 50 
wt %) was added absolute EtOH under Ar. The resulting 
30 black mixture was stirred under one atmosphere of H 2 for 10 
h, after which time the system was purged with N 2 and an 
additional portion of Pt0 2 (65 mg, 25 wt %) was added. 
Once again the reaction mixture was stirred under a blanket 
of H 2 for 10 h. The system was then purged with N 2 , and the 
35 reaction mixture w r as filtered through a Celite pad eluting 
with CH 2 C1 2 (3x25 mL). The solvents were removed in 
vacuo and the residue was purified as described above to 
afford Compound B (0.19 g, 75%). 

Alternatively, a solution of Compound A (20 mg, 36 
40 mmol) in THF (0.4 mL) was treated with triphenylphosphme 
(19 mg, 73 mmol) under Ar. The reaction mixture was 
warmed to 45° C., stirred lor 14 h and cooled to 25° C, The 
resulting iminophosphorane was treated with ammonium 
hydroxide (28%, 0.1 mL) and once again the reaction mix- 
45 tii re was wanned to 45° C. After 4 h, the volatiles were 
removed in vacuo and the residue was purified as described 
above to afford Compound B (13 mg, 70%). 

C. [1S”[1R*,3R*(E),7R*,103*>11R*>12R* ? I6S*]]-7,11- 
Dihydroxy-8,8,10, 1 2,1 6-pentamethyl-3-[l -methyl-2 -(2- 

50 methy 1-4 -thiazoly l)ethenyl]-4-aza-l 7 -oxabicyclo[ 14. 1 ,0] 
heptadecane-5 ,9-dione. 

A solution of Compound B (0.33 g, 0.63 mmol) in 
degassed DMF (250 mL) was treated with solid NaHC0 3 
(0.42 g, 5.0 mmol) and diphenylposphoryl azide (0.54 mL, 
55 2.5 mmol) at 0° C. under Ar. The resulting suspension was 
stirred at 4° C. for 24 h, diluted with phosphate buffer (250 
mL, pH=7) at 0° C. and extracted with BtOAc (5x100 mL). 
The organic extracts were washed with 1 0% aqueous LiCl 
(2x125 mL), dried (Na 2 S0 4 ) and concentrated in vacuo. The 
60 residue was first purified by flash cinematography (SiO a , 
2.0x10 cm, 2-5% MeOH — CHC1 3 gradient elution) and 
then repurified using a Cliromatotron (2 imn Si0 2 , GF rotor, 
2-5% MeOH — CHCR gradient elution) to afford the title 
compound (0.13 g, 40%) as a colorless oil: J H NMR 
65 (CDCI3, 400 MHz) 5 6.98 (s, 1H), 6.71 (d p 1H, NH, J-8.1 
Hz), 6.56 (s, IB), 4.69-4.62 (m, 1H), 4.18-4.12 (m, 1H), 
4,01-3.96 (mu 1H), 3.86 (s, 1H), 3.38-3.34 (m, 1H), 2,82 
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(dd, IH> J-5.6, 6,0 Hz), 2.71 (s, 3H), 2.58 (s> IH), 2,43 (dd, 

1H, j-9.0, 14.5 Hz), 3.34 (dd, 1H, J=3.0, 14.5 Hz), 2.14 (s, 
3H), 2.05-1.92 (m, 2 B)> 1.82-1.41 (a series of multiple**, 
7H), 1.35 (s, 3H), 1.28 (s, 3H), 1.18 (d, 3H, J=6.8 Hz), L14 
(s, 3H)> 1.00 (d, 3H, J— 6.8 Hz); MS (ESI*): 507,2 (MAH)*; 5 
MS(ESr): 505.4 (M-H)L 

EXAMPLE 4 

Process for reduction of oxirane ring of epothilone and 
epothilone analogs. 

To a two-necked flask was added chopped pieces of mag- 
nesium turnings (24 mg, 1.0 mmol). The flask was flame- 
dried under vacuum and cooled under argon. Bis 
(cyclopentadienyl)titanium dichloride (250 mg, 1.0 mmol) 15 
was added followed by anhydrous THF (5 mL). The stirring 
suspension was evacuated with low vacuum, and the reac- 
tion flask was refilled with argon. The red suspension 
became dark, turning a homogeneous deep green after 1,5 h ^ 
with nearly all the magnesium metal being consumed. An 
aliquot (3.5 mL, 0,70 mmol, 3.5 eq) was removed and cooled 
to -78° C. under argon. To this solution was added 
epothilone A (99 mg, 0,20 mmol, 1 .0 eq). The reaction mix- 
ture was warmed to room temperature and stirred for 1 5 min. 25 
The volatiles were removed in vacuo and the residue was 
chromatographed two times on silica (25 g), eluting with 
35% EtOAc/hexanes to give 76 mg (80%) of epothilone C as 
a pale yellow viscous oil. 

30 

EXAMPLE 5 



[1S-[1R^R*(E),7RM0SM1RV2RM6S*]]~7,11- 
Dihydroxy-8,8, 10,1 2-tetramethyl-3-[l -methyl-2-(2-methyl- 45 
4-thiazoly l)ethenyl ]-4-aza- 1 7-oxabicyclo[ 14.1.0] 
heptadecane-5 ,9-dione. 

A. (3 S , 6R,7S,8S, 1 2R, 1 33 , 1 5 S)~ 1 5 -Azido-3 ,7-dihydroxy- 
1 2, 13-epoxy -4, 4,6,8, 16-pentamethyl-17-(2-methyL4- 
thiazoly l)oxo- 1 6(E)-heptadecenoic acid. 50 

Teti , akis(triphenylphosphine)palladium(0) (LI 7 g, 1.01 
mmol, 0. 1 0 eq) was added to a solution of epothilone A (4.97 
g, 10.1 mmol. L0 eq) in degassed THF (100 ml) at room 
temperature and was stinred for 30 minutes under argon. 
Sodium azide (0.980 g, 1 5.1 mmol, L5 eq) was added to the 55 
above reaction mixture followed by the addition of degassed 
water (10 ml). The reaction mixture was heated to 45° C. for 
one hour, cooled to room temperature, diluted with ethyl 
acetate (300 ml) and further diluted with water (1 50 ml). The 
aqueous layer was extracted with ethyl acetate (3x100 ml). 60 
The combined organic extracts were washed with brine (1 50 
ml), dried (sodium sulfate), filtered and concentrated under 
vacuum. The oily residue was purified by flash silica gel 
chromatography (eluting 0-5% methanol/chloroform with 
0.1% of acetic acid) to afford Compound A (1.84 g, 34.0% 65 
yield) as glassy solid. MS (BSD: 537 (MAH)*; MS (ESI - ): 
535 (M-H )" 
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B. (3S>6R,7S,8S,12R,13S,15S)-15~Amino-3,7- 
dihy droxy- 12, 13 -epoxy -4,4, 6,8,1 6-pentamethy 1-1 7R2- 
methyi-4-thiazolyl)-5-oxo-l 6(E)dieptadecenoic acid. 

Platinum oxide (0.980 g, 4.30 mmol, 1 .25 eq) was added 
to a solution of Compound A (1 .85 g, 3.44 mmol, 1 .0 eq) in 
absolute ethanol (137 ml). The reaction mixture was stirred 
vigorously under a hydrogen balloon for 16 hours at room 
temperature. The reaction mixture was filtered and the fil- 
trate was concentrated under vacuum. The oily residue was 
purified by preparative HPLC (YMC S- 1 5 ODS 50x500 mm 
column, 45 minutes/gradient, 0-100% B, 50 ml/min, reten- 
tion time* 17 minutes, A-0,1% acetic acid/5% acetonitrile/ 
95% water, B-0.1% acetic acid/5% water/95% acetonitrile). 
The appropriate fractions were concentrated under vacuum 
and the residue was lyophilized from aqueous acetonitrile to 
a fiord Compound B (1.33 g, 76.0% yield) as a colorless 
solid. MS (ESI*): 511 (MAH)*; MS (ESC): 509 

C, [lS-[lR^ ? 3R sic (E),7R^,10S^,llR*,12R^,16S J ' ?: ]]-7,ll- 
Dihydroxy-8,8 ,1 0, 1 2~tetramethyl-3~[ 1 -methyl -2-(2-methyb 
4-thiazolyl)eth.enyl]-4-aza-l 7-oxabicyclo[ 1 4.1 .0] 
heptadecane5,9-dione. 

Compound Compound B (0.860 g, L68 mmol, 1.0 eq) 
was dissolved in anhydrous DMF (0.00250M, 672 mJ) and 
degassed for one hour at room temperature. The solution was 
cooled to 0° C., and anhydrous sodium bicarbonate (1.13 g, 
13,4 mmol, 4.0 eq) and diphenylphosphotyl azide (1.85 g, 
6.72 mmol, 8.0 eq) were added under argon. The reaction 
mixture was kept at 4° C-, under argon and stirred 16 hours. 
The reaction mixture was then cooled to -60° C., and pH 7 
phosphate buffer (400 ml) was added slowly to quench the 
reaction. Temperature was kept below -30° C, The above 
mixture was allowed to warm to room temperature slowly 
and extracted with ethyl acetate (1 liter). The aqueous layer 
was washed with ethyl acetate (4x300 ml). The organic 
extracts were combined, washed with 10% LiCl (500 ml), 
dried (sodium sulfate), filtered and concentrated under 
vacuum. The oily residue was purified by preparative HPLC 
(YMC S-15 ODS 50x500 mm column, 45 minutes/gradient, 
0-100% B, 50 ml/min, retention time=35 minutes, A=5% 
acetonitrile/95% water, B-5% water/95% acetonitrile). The 
appropriate fractions were concentrated under vacuum and 
the residue was lyophilized from aqueous acetonitrile to 
afford title compound (0.220 g, 26.0% yield) as a colorless 
solid. MS (ESI*): 493 (M+H)*; MS (ESP): 491 (M-H)" 

EXAMPLE 6 


Me 



[4S-[4R*,73*,8R*,9R*,15R*(E)]]-4,8-Dihydroxy"5,5,7,9, 
13-pentamethyL16-[3-raethyl~2-(2-methyL4~thiazolyl) 
ethenyl]- 1 -aza- 1 3 (Z)-cyclohexadecene-2,6dione. 

Tungsten hexacbloride (0.19 g, 0.49 mmol, 0,5 equiv) was 
dissolved in THF (5.0 ml) and the solution was cooled to 
-78° C. n-Butyllithium in hexane (1 ,6M, 0.63 ml, 1 .0 mmol, 
3 ,0 equiv) was added in one portion and the reaction mixture 
was allowed to warm to room temperature over 20 minutes 
(the solution turned dark green upon warming to rt). A 0.1M 
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solution of the prepared tungsten reagent (0.79 ml, 0.079 
mmol, 2.0 mmol) was added to Compound 4C (0.020 g, 
0.039 mmol, 1.0 ©quiv) at room temperature. The reaction 
mixture was stirred a room temperature for 30 minutes and 
then was quenched with saturated NaHC0 3 (2.0 ml). The 5 
quenched solution was diluted with water (10 ml) and the 
solution was extracted with €H 2 C1 2 (4x20 ml). The com- 
bined organic extracts were dried (Ma 2 30 4 ), filtered and 
concentrated under vacuum. The inorganics were removed 
by passing the residue through a silica gel plug (eluting with to 
19/1 CHCyMeOH), The eluent was concentrated under 
vacuum. The residue was purified by pbplc (YMC-S5 ODS, 
30-100% B, A=5% aq CH 3 CN, B-95% aqueous CH 3 CN, 3 
ml/min., 220 run., 30 min. gradient) and the appropriate frac- 
tions were concentrated under vacuum. The sticky solid was 15 
lyophilized from aqueous acetonitrile to afford title com- 
pound (4.3 mg, 29%) as a white solid. TLC: Rf-0.57 (9/1 
CHCB/MeOH, visualization by UV); HRMS: (M+H)+calc- 
49 1.29436, found=49 1.2934 

20 

EXAMPLE 7 


Me 



[1S-[!RVR*(E),7RV03V1RV12RV6S*]]-7,1I- 
Dihydroxy-8 ,8,10,12,16 pentametbyl-3 -[ 1 -methyl-2 -(2 - 35 
hy dr oxy methyl - 4 -thi a zo lyl ) etbeny l]-4-aza~17-oxabicyclo 
[14.1 ,0]heptadecaae-5,9-dione. 


Me 



B. [ 1 S-[ 1 R* ,3R*(B),7R* 5 1 0S *, 1 1R*, 1 2R* ,163* ]]-7 ,11- 
Dihy droxy -8,8, 1 0,12,1 6-pentamethyl*3-[ 1 -methyl-2-(2~ 
hydro xymethyl-4-thiazolyl)ethenyl]-4,17-dioxabicyclo 
[14.1. Ojbepta decane-5 ,9 -dio ne , [Epothilone F]. To a 
solution of compound A (0.46 g, 0.88 mmol) in CH 2 CU (10 
mL) in a resealable tube was added 2,6-hitidine (0.82 mL, 

7.0 mmol) and triftuoroacetic anhydride (0.87 mL, 6,2 
mmol) under Ar. The reaction vessel was sealed under Ar, 
heated to 75° C. (12 min), cooled to 25° C., and the volatiles 
were removed under a steady stream of N 2 * The reaction 
tube was then placed on a high vacuum pump for 15 min. 
The resulting residue was dissolved in MeOB (10 mL) and 
treated with ammonium hydroxide (28-30% NH 4 In H 2 0, 

1.0 mL). The mixture was heated to 45° C. (10 min), and the 
volatiles were removed in vacuo. The crude reaction mixture 
was purified by HPLC (YMC S-15 ODS 30x500 mm 
column, 50% acetonitrile-ELO isocratic conditions, flow 
rate-20 mlVmin, retention time=28 min). The appropriate 
fractions were concentrated under vacuum and the residue 
was lyophilized from aqueous acetonitrile to afford Com- 
pound B (0,22 g, 48%) as a white solid. MS (E8I + ): 524.3 
(M*er, 1047.6 (2M+HyT MS (ESI"): 522.5 (M-H)" 


Me 



Me 



A. [iS-{lR* i 3R*(E),7R* P l0S*41R l,B > 12RM6S*]]-7,ll- 50 
Dihydroxy -8,8, 1 0, 1 2, 1 6-pentamethyl-3-[l ~methyI-2~(2- 
methyl -4-thi azoly l)ethenyl]~4 , 1 7 -dioxabicyclo[ 14,1.0] 
heptadecane~5,9-dion.e, N-oxide. 

A solution of epothilone B (2.0 g, 3,9 mmol) in CH 2 C1 2 
(30 mL) was treated with 3-chloroperoxybenzoic acid ( 1,0 g, 55 
5.9 mmol) at 25° C, under Ar for 2 h. An additional 0.5 g 
(3.0 mmol) of 3-chloroperoxybenzoic acid was added and 
the reaction mixture was then stirred for 2 h. The reaction 
mixture was filtered and the filtrate was concentrated in 
vacuo. The residue was dissolved in EtOAc (100 mL), 60 
washed with saturated aqueous MaHC0 3 (75 mL), 5% aque- 
ous Na 2 S0 3 (75 mL), H 2 0 (75 mL), dried (Na 2 S0 4 ) and 
concentrated in vacuo. The residue was purified by hash 
chromatography (Si0 2 > 4.5x30 cm, 2-10% MeOH — CHC1 3 
gradient elution) to afford Compound A (1 .04 g, 50%) as a 65 
white solid. MS (ESI’): 524.3 (M+H) + ; MS (BS1 ): 522.5 
(M-H)-. 


C. (33,6R,7$,8S, 12R,133,1 5S)-1 5-Azido-3,7~ 
Dihydroxy-1 2 , 1 3 -epoxy-4 ,4,6,8,12, 1 6-hexamethy 1 - 1 7-(2- 

hydroxymethyl-4-thiazolyl)-5-oxo-16(E)-heptadecenoic 

acid. A solution of Compound B (0.18 g, 0.34 mmol) in 
degassed THF (3.0 mL) was treated with a catalytic amount 
(40 mg, 3.4xl0“ 2 mmol) of tetrakis(triphenylphosphine) 
palladium^) and the suspension was stirred at 25° C., under 
Ar for 30 min. The resulting bright yellow, homogeneous 
solution was treated all at once with a solution of sodium 
azide (27 mg, 0.41 mmol) in degassed H 2 0 (L5 mL). The 
reaction mixture was warmed to 45° C. for 1 h, diluted with 
H 2 0 (5 mL) and extracted with EtOAc (4x10 mL). The 
organic extracts were washed with saturated aqueous NaCl 
(15 mL), dried (Na 2 S0 4 ), and concentrated in vacuo. The 
residue was purified by flash chromatography (Si0 2J 2.5x15 
cm, 95:5 CHC1 3 — MeOH to 95:5.0:0,5 CHC-1 3 — MeOH 
AcOH gradient elution) to afford Compound C (39 mg, 
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EXAMPLE 8 


45 

20%) as a colorless oiL MS (ESL): 567.4 (M-tB) + , 1133.6 
(2M+H)L MS (BS1“): 565.5 1131.8 (2M-H)". 


Me 



D. (3S,6R,7S,8SJ2R,13S,15S)45-Aiflino-3Jdihydioxy- 
1 2, 13-epoxy **4, 4, 6,8, 12, 1 6-hexmethyl-l 7-(2- 
hydroxymethyl -4 -thiazoly 1)- 5 -oxo- 1 6 (E)-heptadecenoic 
add. To a 10 mL round-bottom flask charged with com- 
pound C (40 mg, 71 mmol) and Pt0 2 (1 2 mg, 30 wt %) was 
added absolute EtOH (3 mL) under Aj\ The resulting black 
mixture was stirred under one atmosphere of H 2 for 1 0 h, 
The system was then purged with N 2 and the reaction mix- 
ture was filtered through, a nylon membrane (washing with 
25 mL of MeOH). The solvents were removed in vacuo to 
afford Compound D (29 mg, 76%) as a foam, which was 
sufficiently pure to use in the next step. LCMS: 541.3 
(M+H)L 


Me 



E. [lS-[lR^,3R !}: (E),7R%10S Ji< ,llR^,12R^,16S^]>7 5 ll- 
Dihydroxy-8,8,10, 1 2, 16-pentamethy!-3-[l -methyL2-(2- 
hy dr ox ym ethyl - 4 - 1 hi a zo ly i ) etheny 1 ]-4 -aza- 1 7 - ox abi cyclo 
[14.1 .0]heptadecane-5 ,9-dione. 

A solution of compound 0 (29 mg, 54 mmol) in degassed 
DMF (21 mL) was treated with solid NaHCO s (36 mg, 0.43 
mmol) and diphenylphosphoryl azide (46 mL, 0.21 mmol) at 
0° C. under Ai\ The resulting suspension was stirred at 4° C, 
for 1 9 h, cooled to -40° C., diluted with 25 mL of pH 7 
phosphate buffer (carefully adding such that the internal 
temperature remains below -30° C.), and extracted with 
EtOAc (4x10 mL). The organic extracts were washed with 
cold 10% aqueous Li Cl (25 mL), dried (Na 2 S0 4 ) and con- 
centrated in vacuo. The residue was purified using a clmoma- 
totron (1 mm Si0 2 GF rotor, 2-5% MeOH — CHC1 3 gradient 
elution) to afford the title Compound E (9. 1 mg, 34%) as a 
colorless oil. MS (ESI 4 ): 523.2 (M+H) + ; MS (ESL): 521.5 
(M-H)L 


Me 



[4S-[4RL7SL8R*,9R*,15R*(E)]]-4,8-Dihydroxy-5,5,7,9, 

13-pentamethyM6~[l-methyL2-(2-hydroxymethyI-4- 
thiazolyl)etlieny!]- 1 -aza-1 3(Z)-cyclohexadecene-2,6-dione. 


20 


Me 



A. [lS-[IR*3R*(E),7RM0S* a llR^12R*16S*]l-7,Il- 
Dihydroxy~8,8,10,I2,16-pentamethyl-3-[l-methyl-2~(2~ 
tejrt-butyldiphenylsilyloxymethyL4-thiolyI)ethenyl]“4-aza- 
^ 17-oxabicyclo[14.1 .0]heptadecane-6,9~dioae. 

A solution of Compound 7E (6.8 mg, 13 rrnnol) in CH 2 CI 2 
(0.5 mL) was treated with triethylamine (2.7 mL, 20 mmol), 
4-N,N-dimetkylaminopyridine (0.2 mg, 1.3 mmol) and tert- 
4(} butyldiphenylsilyl chloride (3.7 mL, 14 mmol) at 0° G, 
under Ar. 'Die reaction mixture was gradually wanned to 25° 
C. (1 h), cooled to 0° C., quenched by the addition of satu- 
rated aqueous NaHC0 3 (1 mL), and extracted with EtOAc 
45 (4x2 mL). The combined, organic extracts were washed with 
brine (5 mL), dried (Na 2 S0 4 ) and concentrated in vacuo. 
The residue was purified by flash chromatography (Si0 2 , 
1 .0x5 cm, 2-5% MeOH — CHC1 3 gradient elution) to afford 
50 Compound A (7.0 mg, 71%) as a colorless oil. MS (ESI""): 
761.5 (M+H)L MS (E3L): 759.7 (M-H)". 


55 


Me 
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B. [4S-[4R*,7S*,8R*,9R*,1 6R*(E)]]4,8-Dihydroxy-5,6, 
7,9,13 -pentamethy 1 - 1 6-[ 1 -methyl -2 -(2 -hydroxymethyl - 

4thiazolyI)ethenyl]-l-aza-13(Z)~cyclohexadecene-2,6- 

dione. 

A solution of lungsten(I V) chloride (0. 1 0 g, 0.25 mmol) m 
anhydrous THF at ~7S° C was treated with n-BuLi (1 .6 M in 
hexanes, 0.32 mL, 0.50 mmol) under Ar. The reaction mix- 
ture was warmed to 25° C. over 40 min and then recooled to 
0 Q C. An aliquot of the resulting deep-green, homogeneous 10 
solution (0.2 mL, 20 mmol) was added to a 1 dram vial 
charged with compound A (7.0 mg, 9.2 mmol) at 0° C. under 
Ar. The reaction mixture was wanned to 25° C., stirred for 
30 min, quenched by the addition of saturated aqueous 
HaHC0 3 (0.5 mL) and extracted with EtOAc (4x1 mL). The 15 
combined organic extracts were dried (Na 2 S0 4 ) and concen- 
trated in vacuo. Tire residue was purified by preparative TLC 
(Si0 2 , 20x20x0.025 cm, eluting with 5% MeOH — CHC1 3 ) 
to afford an inseparable mixture of the silyl-protected (13Z) 
isomer of Compound B along with a small amount (<10%) 2 o 
of the minor (BE) isomer, which was immediately depro- 
tected in the next step. 

The silyl-protected isomeric mixture of compound B (2.3 
mg, 3.1 mmol) was treated with 0.3 mL of a buffered solu- 
tion of BF-pyridiae in THF (2: 1:0.5 THF/pyridine/HF- 25 
pyridine solution from Aldrich Chemical Co.) at 25° C. After 
1 h, the reaction mixture was neutralized with saturated 
aqueous NaHC0 3 (0.5 mL) and extracted with EtOAc (4x1 
mL). The combined organic extracts were washed with satu- 
rated. aqueous NaHC0 3 (1 mL), dried (Na 2 S0 4 ) and the 30 
volatiles were removed in vacuo. The residue was purified 
by preparative TLC (Si0 2 , 20x10x0.025 cm, eluting with 
5% MeOH— CHC1 3 ) to afford title compound (BZ-isomer) 
along with an inseparable amount (<10%) of the minor 
(13E) isomer (0.96 mg, 20% for the two steps) as a thin film. 35 
MS (BSI + ): 507.3 (M+H) + ; MS (ESI"): 505.6 (M-H)". 

What is claimed: 

[1. A compound of the formula: 

V 40 



X Bi Y 


50 

wherein: 

Q is selected from the group consisting of: 



G is selected from the group consisting of alkyl; substi- 65 
tuted alkyl; substituted aryl; a 4 to 7 membered 
monocyclic, 7 to 11 membered bicyclic, or 30 to 15 


48 

membered tricyclic saturated or unsaturated ring sys- 
tem having between 1 and 3 heteroatoms selected from 
nitrogen, oxygen, and sulfur; 


Rl2 R]2 



| / 


r J4 

W is O orNR iS ; 

X is O or H, B; 

Y is selected from the group consisting of O; IT, OR 16 ; 
OR i7 , OR 17 ; NOR js ; H.,NHOR 19 ; H, NIy 2 qR 2 :l; El? ^ 
and CHR 22 ; wherein OR 17 , OR 17 can be a cyclic ketal; 

Zy and Z 2 are independently CH 2 : 

B, ayid B2 are independently selected from the group con- 
sisting of OR 24 , OCOR 25 , and O — C(— 1 0)— HR 26 R 27 , 
and when B. is OB and Y is OB, B, they can form a 
six-membered ring ketal or acetal; 

R 1? R 2 , R 3 i R4> Rsj R-75 ^-131 ^145 RjgJ Rl9J ^20 ^21? ^22^ 
R 2(S and R 27 are selected from the group consisting of 

alkyl, substituted alkyl, and aiyl, and when R* and 
R 2 are alkyl can be joined to form a cycloalkyl, and 
when R 3 and R 4 are alkyl can be joined to form a 
cycloalkyl; 
is methyl; 

R 9 , R 10 > Ei 6 , R 17 , R 24j R 2$ and R 31 are selected from the 
group consisting of H, alkyl, and substituted alkyl; 

R U 1 &x 2 > ^ 30 ^ 32 , and R 33 are selected from the, 

group consisting of H; alkyl; substituted alkyl; aryl; 
substituted aryl; cycloalkyl containing 1 to 3 rings and 
3 to 7 carbons per ring which may be further fused with 
an unsaturated C 3 -C 7 carbocyclic ring; and a 4 to 7 
membered monocyclic, 7 to 1 1 membered bicyclic, or 
10 to 15 membered tricyclic saturated or unsaturated 
ring system having between 1 and 3 heteroatoms 
selected from nitrogen, oxygen, and sulfur; 

R s is hydrogen or methyl; 

R 15> R 23 and R 29 are selected from the group consisting of 
B; alkyl; substituted alkyl; aryl; substituted aryl; 
cycloalkyl containing 1 to 3 rings and 3 to 7 carbons per 
ring which may be further fused with an unsaturated 
C 3 -C 7 carbocyclic ring; a 4 to 7 membered 
monocyclic, 7 to 11 membered bicyclic, or 10 to 15 
membered tricyclic saturated or unsaturated ring sys- 
tem having between 1 and 3 heteroatoms selected from 
nitrogen, oxygen, and sulfur; R 32 €=0; R 33 S0 2 ; 
hydroxy; O-alkyl or O-substituted alkyl; 

or pharmaceutically acceptable salts thereof, hydrates, 
solvates or geometric, optical or stereoisomers thereof; 

with the proviso that compounds wherein 
W and X are both O; and 
R x , R, and R 7 are H; and 
R 3 , R 4 and are methyl; and 
R 8 is H or methyl; and 

Gis l-methyl-2-(substituted-4-thiazolyl)ethenyl; and 
Q is as defined above are excluded.] 
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[2. The compound of claim 1 wherein 
Q is 




X is O; 

Yis O; 

Z, , and are CEL; and 
W is NR l5 .] 

[3. A compound selected from the group consisting of: 15 

[lvS-[lR ?5: ,3R ?it (E) > 7R* ? 10S ,t ,l 1R*,12R # , 16S*3]-7 3 1 1- 
Dihydroxy-8,8,1 0,12,1 6-pentamethyl-3-[ 1 -methyl -2- 
(2-methy 1-4 -tliiazolyl)ethenyl]-4 ; 1 3 , 1 7-trioxabicy clo 
[14.1 ^Ojheptadecane- 5 >9 -dione; 
[1S-[1R*,3R*(B),7RM0SM1R* > 12RM6S*]]-7,11- 20 

Dihydroxy-8,8,10,1 2-tetramethyl-3-[l-methyl-2-(2- 
methyl-4 -thiazoly 1 )etheny 1 ] -4, 1 3 , 1 7-trioxabscyclo 

[14.1 .0] heptadecane-5,9-dione; 
[4S-[4RVS^R^9RM5R*(B)]]-4,8-Dibydroxy~5,5,7, 2J 

9.13- pentamethyl-16-[l-methyl-2-(2-methyl-4- 
thiazolyl)ethenyl]-l, 1 0-dioxa- 1 3-cyclonexadecene-2, 
6-dione; 

[4S-[4R*,7S*,8R*,9R*, 1 5R* (E)]]-4,8-Dihydroxy-5,5,7 , 

9-tetramethyl-16-[l-methyl-2-(2-methyl-4-thiazoiyl) , 
etheayl]-l,10-dioxa-13-cyclohexadecene-2, 6-dione; 

[ 1 S-[ 1 R* ,3R*(E),7R* 5 1 OS M 1 R # , 1 2R * , 1 6S U3-7, 11 - 
Dihydroxy-8,8, 10,12,1 6-pentamethy l-3-[ 1 -methyl-2- 
(2-methyl-4-thiazoly))ethen.yl]-4, 1 4, 17-trioxabieyclo 

[14.1.0] heptadecane-5,9-dione; 35 

[1S-[1R*,3R*(E),7R*,10S*,1 1R*,12R*,16S*]]-7,1 1- 

Dihydroxy-8,8,1 0, 1 2-tetramethyI-3-[l -methyl-2-(2- 
methyl-4-thiazoly l)ethenyl]-4, 1 4, 1 7-trioxabicyclo 

[14.1 .0] heptadecane~5,9-dione; 
[4S-[4R*,7S*,8R*,9R*,15R*(B)]]-4,8-Dibydroxy-5,5,7, 40 

9. 13- pentamethyl-l 6-[i -methyl -2-(2-methy 1-4- 
thiazolyl)ethenyl]- 1,11 -dioxa-1 3-cyclohexadeceae-2, 
6-dione; 

[4S-[4R* ,7S*,8R*,9R*, 1 5R*(E)]]-4,8-Dihydroxy-5,5,7 , 
9-tetramethyl- 16-[1 -methyl-2-(2-methyl-4-thiazolyl) 45 
ethenyl]-l , 1 1 -dioxa- 1 3~cyclohexadecene-2, 6-dioae; 
[lS-[lR*,3R*(B),7R*,10S if ,llR !| ‘,12R*,16S*]]-7 ; ll- 
Dihydroxy-8,8, 1 0, 1 2, 1 6-peatamethyl -3-[l -methy 1-2- 
(2-methyl-4-thiazolyl)ethenyl]-4,17-dioxabicyclo 

[14.1 .0] heptadecane-9-one; 

[lS-ElR*,3RHE) ( 7R 4 ) 10S*,llR* ! 12R»,16S <t ]]-7,ll- 
Dihydroxy-8,8,10,12-tetramethyl-3-[l-methyl-2-(2- 
methy 1 -4-thiaroly l)ethenyl]-4, 1 7-dioxabicyclo[l 4.1.0] 
hep tadecane-9 -o ne ; 55 

[lS-[lR*,3R*(E),7R’ ll ,10S*,llR*,12R*,16S*J)-7,li- 

Dihvdroxy-3,8,8,10,12 J I6~hexamethyl-3-[l-methyl-2- 

(2-methyl-4-thiazolyl)etheayl]-4,17-dioxabicyclo 

[14.1 .0] heptadecane-5,9-dione; 
[1S~[1R*,3R*(E),7R*,10S*,11R*,12R*,16S*]]-7 J 11- 60 

Dihydroxy-3 ,8,8,1 0, 1 2-pentamethyl-3-[ l-methyl-2-(2- 

methyl-4-1toiazolyl)ethenyl]-4,17-dioxabicyclo[14.1.0] 

.heptadecane“5,9-dio ne; 

[4S-[4R*,7S*,8R*,9R*,15R*(E)]]-4,8-Dihydroxy-5,5,7, 
9,13,1 6-hexamethyl- 1 6 -[ 1 -methyl-2-(2-methyl-4- 65 
thiazoly l)ethenyl ]- 1 -oxa- 1 3 -cyclohexadeceae-2 ,6 - 
dione; 


50 

[4S-[4R*,7S*,8R*,9R*,15R*(E)]]-4,8-Dihydroxy-5,5,7, 

9,16-peatamethyl-lfi-[l-methyl-2-(2-methyl-4- 

thiazolyl)etheay]]-l-oxa-13-cyclohexadecene-2,6- 

dione; 

[ 1 S-[ 1 R*,3R*(E),7R* , 1 OS 1 * , 1 1 R* , 1 2R*, 1 6S*]]-7, 1 1 - 
Dihydroxy-8,8, 1 0, 1 2, 16-peatamethyl-3-[l-methyl-2- 
(2-methyi-4-thiazolyl)ethenyl]-4,17-dioxabicyclo 

[14.1 .0] heptadecane-5,9-dioae; 
[1S-[1R*,3R*(E),7R"',10S*,11R*,12R*,16S*]]-7,11- 

Dihydroxy-6,8,8 t 10,12-pentamethyl-3-[l"methyl-2-(2- 
methyl-4-thiazolyl)ethenyI]-4, 1 7 -dioxabicyclo[l 4 .1.0] 
heptadecane-5,9-dione; 

[1S-[1R*,3R 4I (B),7R*,10S^,11R*,12R*,16S*]]-7,11- 
Dihydroxy-8 ,8, 1 0, 1 2 , 1 6 -pentamethyl-3-[ 1 -methy 1-2- 
(2-methyl-4-thiazolyl)ethenyl]-4-aza-17-oxabicyclo 
[14.1 .Ojheptadecane- 5,9-dione; 
[1S-[1R*,3R*(E),7R*,10S*,1 1R*,12R*,16S*]]-7,1 1- 
Dihydroxy-8,8 ,10,1 2-tetramethy 1 -3-[ 1 -methy l-2-(2- 
methyl-4-thiazolyl)ethenyl]-4-aza-17-oxabicyclo 

[14.1.0] heptadecane-5,9-dione; 
[4S-[4R*,7S*,8R*,9R*,15R*(B)]]-4,8"Dihydroxy-5,5,7, 

9,13-pentamethyl-16-[l-methyl-2-(2-methyl-4- 
thiazoly l)ethenyl ] - 1 -aza - 1 3 -cy clohexadecene-2 ,6- 
dione; 

[4S-[4R*,7S*,8R*,9R*,15R*(E)]]-4,8-Dihydroxy-5,5,7, 
9-tetramethyl-16-[I"methyI-2-(2-methyl-4-thiazolyl) 
ethenyl]-l-aza-13-cyclohexadecene-2, 6-dione; 
[1S-[1R*,3R*(E),7R*,10S # ,11R*,12R*,16S*]]-7,11- 
Dihydroxy-4,8,8, 1 0, 1 2, 1 6-hexamethyi-3-[l -methyl-2- 
( 2 -methyl-4 -thiazoly l)etheny l]-4-aza- 1 7-oxabi cy clo 

[14.1 .0] heptadecane-5,9-dione; 
[1S~[1R*,3R*(E),7R*,10S*,11R*,12R*,16S*]]-7,11- 

Dihydroxy-4,8,8,10,12-pentamethyI-3-[l-methyl-2~(2- 
methyl-4-tliiazolyl)etheny 1] -4-aza- 1 7 -oxabicy clo 

[14.1 .0] heptadecane-5,9-dione; 
[4S-[4R*,7S*,8R*,9R*,15R*(E)]]-4,8-DihydrQxy-l,5,5, 

7,9,13 -hex amethy 1 - 1 6 - [ 1 -methy 1 -2-(2 -methy 1 -4 - 
thiazolyl)etheny]]-l -aza- 1 3-cyclohexadecene-2,6- 
dione; 

[4S-[4R*,7S*,8R*,9R*,15R*(E)]]-4,8-Dihydroxy-l,5,5, 
7,9-pentamethyl-16-[l-raethyl-2-(2-methyI-4” 
thiazolyl)etheayl]-l -aza-1 3-cyclohexadeceae-2,6- 
dione; 

[lS-[lR’ lf ,3R*(E},7R*,10S*,l 1R*,12R*,16S*]]-7,11- 

Dihydroxy-8,8,10,12,16-peatamethyl-3-[l-methyl-2- 
(2-methyl-4-thiazolyl)ethenyl]-13-aza-4,17- 
dioxabicyclo[l 4. 1 ,0]heptadecane-5,9-dione; 
[lS-[lR*,3R’ |! (E),7R*,10S*,llR»,12R*,16S !! ']]-7, 11- 
Dihydroxy -8,8 , 1 0, 1 2-tetramethyl-3-[ I -methy 1-2 -(2- 
methyl-4-thiazolyI)ethenyl]-13-aza-4,17-dioxabicyclo 

[14.1 .0]heptadecane-5,9-dione; 

[4S-[4R*,7S*,8R*,9R*,15R*(E)]]-4,8-Dihydroxy-5,5,7, 

9,13-pentamethyl-16-[l-methyl-2-(2-metliyl-4- 
thiazolyl)ethenyl]- 10 -aza-l -oxa-1 3-cyclohexadecene- 

2, 6 -dione; 

[4S-[4R*,7S*,8R*,9R*,15R*(E)]]-4,8-Dihydroxy-5,5,7, 
9-tetramethyl-l 6-[l -£nethyl-2-(2-methyl-4-thiazolyl) 
etheayl]-10-aza-l~oxa-13-cyclohexadecene-2, 6-dione; 

[1S-[1R*,3R*(B),7R*,10S*,1 lR*,12R*,16S*]]-7,5 1- 
Dihydroxy-8,8, 10, 12,16 -pentamethyl-3-[ 1 -methy 1-2- 
(2-methyl-4-thiazolyS)ethenyl]-14-aza-4,17- 
dioxabicyclo[14.1.0]heptadecane-5,9-dione; 

[1S-[1R* > 3R*(E),7R*,10S*,11R*,12R*,16S*]]-7,11- 

Dihydroxy-8,8,10,12-tetramethyl-3-[l-methyl-2-(2- 
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methyI-4-thiazoIyl)ethenyl]- 1 4-aza-4,l 7-dioxabicyclo 

[14.1 .0]heptadecane- 5 ,9 -dione; 
[4S-[4R*,7S*,8R*,9R* > 15R*(E)]]-4,8-Dihydroxy-5,5,7, 

9.1 3- pentamethy 1-1 6-[l -methyl -2-(2-methyl-4- 
t]ii.azolyl)ethenyl]-l 1 -aza- 1 -oxa- 1 3 -cyclohexadecene- 
2,6 -dione; 

[4S-[4R%7S*,8R*,9RM5R*(B)]]-4,8-Dihydroxy-5,5,7 > 
9 -tetramethyl- 1 6-[ I -methy 1-2- (2-methyl-4-thiazoly 1) 
etheayl]- 1 1 -aza- 1 -oxa- 1 3-cyc)ohexadecene-2,6-dione; 

[1 S-[ 1 R*,3R*,7R*, 1 OS * , 1 1 R*, 1 2R*,1 6S*]]-N-Phenyl-7 , 

1 1 -diliyclroxy-8,8, 1 0, 1 2, 1 6-peatamethyl-5,9-dioxo-4, 

17-dloxabicyclo[14.1.0]heptadecane-3-carboxamide; 

[lS-[lR*,3R*,7R*,10S*,llR’ i ',12R* ,16S*]]-N-Phenyl- 
7,1 l-dihydioxy-8,8,10, 12-tetramethyl-5,9-dioxo-4, 17- 
dioxabicyclo[14.1.03heptadecane-3-ca[boxamide; 
[4S-[4R*,7S*,8R*,9R*,15R*]]-N-Phenyl-4,8-dikydroxy- 

5.5. 7.9.1 3- pentamethy 1-2, 6-dioxo-l -oxa-1 3- 
cycloliexadecene- 1 6-carboxamide; 

[4S-[4R*,7S*,8R*,9R*,15R*]]-N-Pbenyl-4,8-dihydroxy- 
5,5,7,9-tetramethyl-2,6-dioxo-l-oxa-13- 
cyclohexadecene-1 6-carboxaraide; 
[1S-[1R*,3R , "(B) > 7R*,10S*,11R*,12R*,16S*I1-7 J 11- 
Dihydroxy-8,8, 10,12,1 6-pentamethyl-3-[ 1 -methy i-2~ 
(2-methyl-4-thiazolyl)cydopropyl]-4,17-dioxabicycto 

[14.1.0] heptadecane-5,9-dione; 
[1S-[1R*,3R*(E),7R*,10S*,1 1R <! ,12R*,16S*]]-7,1 3- 

Dihydroxy-8,8,10,12-tetramethyl-3-[l-methyl-2-(2- 

methyl-4-thiazolyl)cyclopropyI]-4,17-dioxabicyclo 

[14.1 .0] heptadecane-5, 9 -dione; 
[4S-[4R^ ? 7S^ ! 5 8R’ f: > 9R^J5R^(^)]]“4 > 8-Dihydroxy-5 > 5 5 7 > 

9 . 1 3- pentamethyI- 1 6 -[ 1 -methy l~2~(2-hy droxymethyl- 
4-thiazolyl)ethenyl]- 1 -aza- 1 3(Z)-cyclohexadecene-2, 



8. A compound having the formula: 



or a pharmaceutically acceptable [salt,] kydrate[,] or 
15 solvate[, geometrical isomer, optical isomer or stereoisomer] 
thereof. 

9. A method of treating breast cancer, ovarian cancer, 
colon cancer, head and neck cancer, lung cancer, gyneco- 
logical cancers, brain cancer, germ cell cancer, urothelial 
20 cancer, esophageal cancer, prostate cancer, bladder cancer, 
or pancreatic cancer in a patient in need of said treatment 
which comprises administering to said patient a therapeuti- 
cally effective amount of a compound ol claim 8. 

19. The method of claim 9, wherein the cancer is cancer of 

25 the breast, ovary, or colon. 

[11. 'Die method of claim 6, wherein the cancer is cancer 

of the breast, ovary, or colon.] 

[12. Tire method of claim 7, wherein the cancer is cancer 

of the breast, ovary, or colon.] 

30 [13. Tire compound of claim 1, wherein G is 1 -methy 1-2- 

(substimted-4-thiazoiyl) ethenyi group.] 

[14. The compound of claim 1, wherein Q is 



6-dione; 

and the pharmaceutically acceptable salts, solvates and 40 
hydrates thereof.] 

[4. A method of treating breast cancer, ovarian cancer, 
colon cancer, head and neck cancer, lung cancer, gyneco- 
logical cancers, brain cancer, germ cell cancer, urothelial 45 
cancer, esophageal cancer, prostate cancer, bladder cancer, 
or pancreatic cancer in a patient in need of said treatment 
which comprises administering to said patient a therapeuti- 
cally effective amount of a compound of claim 1-] 

[5. The method of claim 4, wherein the cancer is cancer ol 
the breast, ovary, or colon.] 

[6. A method of treating breast cancer, ovarian cancer, 
colon cancer, head and neck cancer, lung cancer, gyneco- 
logical cancers, brain cancer, germ cell cancer, urothelial 55 
cancer, esophageal cancer, prostate cancer, bladder cancer, 
or pancreatic cancer in a patient in need of said treatment 
which comprises administering to said patient a therapeuti- 
cally effective amount of a compound of claim 2.] 

[7. A method of treating breast cancer, ovarian cancer, 
colon cancer, head and neck cancer, lung cancer, gyneco- 
logical cancers, brain cancer, germ cel! cancer, urothelial 
cancer, esophageal cancer, prostate cancer, bladder cancer, 
or pancreatic cancer in a patient in need ot said treatment 55 
which comprises administering to said patient a therapeuti- 
cally effective amount of a compoimd of claim 3,] 
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15. The compound of claim 1, wherein W is NR JS .] 

16. The compound of claim 1, wherein X and Y are each 

o;“ 

[17. A method of treating breast cancer, ovarian cancer, 
colon cancer, head and neck cancer, lung cancer, gyneco- 
logical cancers, brain cancer, germ cell cancer, urothelial 
cancer, esophageal cancer, prostate cancer, bladder cancer, 
or pancreatic cancer in a patient in need of said treatment 
which comprises administering to said patient a therapeuti- 
cally effective amount of a compound of claim 13.] 

[18. The method of claim 17, wherein the cancer is cancer 

of the breast, ovary, or colon.] 

[19, A method of treating breast cancer, ovarian cancer, 
colon cancer, head and neck cancer, lung cancer, gyneco- 
logical cancers, brain cancer, germ cell cancer, urothelial 
cancer, esophageal cancer, prostate cancer, bladder cancer, 
or pancreatic cancer in a patient in need ol said treatment 
which comprises administering to said patient a therapeuti- 
cally effective amount of a compound of claim 14.] 

[20. The method of claim 19, wherein the cancer is cancer 

of the breast, ovary, or colon,] 

[21. A method of treating breast cancer, ovarian cancer, 
colon cancer, head and neck cancer, lung cancer, gyneco- 
logical cancers, brain cancer, germ cell cancer, urothelial 
cancer, esophageal cancer, prostate cancer, bladder cancer, 
or pancreatic cancer in a patient in need of said treatment 
which comprises administering to said patient a therapeuti- 
cally effective amount of a compound of claim 15.] 
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[22. The method of claim 21, wherein the cancer is cancer 
of the breast, ovary, or colon.] 

[23, A method of treating breast cancer, ovarian cancer, 
colon cancer, head and neck cancer, lung cancer, gyneco- 
logical cancers, brain cancer, germ cell cancel*, urothelial 
cancer, esophageal cancer, prostate cancer, bladder cancer, 
or pancreatic cancer in a patient in need of said treatment 
which composes administering to said patient a therapeuti- 
cally effective amount of a compound of claim 16.] 

[24. The method of claim 23, wherein the cancer is cancer 
of the breast, ovary, or colon.] 

[25. A method of treating a cancer responsive to microtu- 
bule stabilization in a patient comprising administering to a 
patient in need of such treatment a therapeutically effective 
amount of a compound of claim 1.] 

[26. A method of treating a cancer responsive to microtu- 
bule stabilization in a patient comprising administering to a. 
patient in need of such treatment a therapeutically effective 
amount of a compound of claim 2.] 

[27. A method of treating a cancer responsive to microtu- 
bule stabilization in a patient comprising administering to a 
patient in need of such treatment a therapeutically effective 
amount of a compound of claim 3.] 

28. A method of treating a cancer responsive to microtu- 
bule stabilization in a patient comprising administering to a 
patient in need of such treatment a therapeutically effective 
amount of a compound of claim 8. 

[29. A method of treating a cancer responsive to microtu- 
bule stabilization in a patient comprising administering to a 
patient in need of such treatment a therapeutically effective 
amount of a compound of claim 13.] 

[30. A method of treating a cancer responsive to microtu- 
bule stabilization in a patient comprising administering to a 
patient in need of such treatment a therapeutically effective 
amount of a compound of claim 14.] 

[31. A method of treating a cancer responsive to microtu- 
bule stabilization in a patient comprising administering to a 
patient in need of such treatment a therapeutically effective 
amount of a compound of claim 15.] 

[32. A method of treating a cancer responsive to microtu- 
bule stabilization in a patient comprising administering to a 
patient in need of such treatment a therapeutically effective 
amount of a compound of claim 16.] 

[33. The method of claim 4, further comprising adminis- 
tering one or more of an additional anti-cancer agent.] 

[34. The method of claim 33, wherein the additional anti- 
cancer agent acts in a phase of the cell cycle other than the 
G 2 - M phase.] 

[35. The method of claim 34, wherein the additional anti- 
cancer is a thymidilate synthase inhibitor, a DMA cross link- 
ing agent, a topoisomerase I or II inhibitor, a DMA alkylating 
agent, a ribonuclase reductase inhibitor, a cytotoxic factor, 
or a growth factor inhibitor.] 

[36. The method of claim 4, further comprising adminis- 
tering radiation therapy.] 

P7. A pharmaceutical composition comprising the com- 
pound of claim 1 and a pharmaceutically acceptable vehicle 
or diluent.] 

[38. A pharmaceutical composition comprising the com- 
pound of claim 2 and a pharmaceutically acceptable vehicle 
or diluent.] 

[39. A pharmaceutical composition comprising the com- 
pound of claim 3 and a pharmaceutically acceptable vehicle 
or diluent,] 

40, A pharmaceutical composition comprising the com- 
pound of claim 8 and a pharmaceutically acceptable vehicle 
or diluent. 
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[41. A pharmaceutical composition comprising the com- 
pound of claim 13 and a pharmaceutically acceptable 
vehicle or diluent.] 

[42. A pharmaceutical composition comprising die com- 
5 pound of claim 14 and a pharmaceutically acceptable 
vehicle or diluent] 

[43. A pharmaceutical composition comprising the com- 
pound of claim 15 and a pharmaceutically acceptable 

vehicle or diluent.] 
io ■* 

[44. A pharmaceutical composition comprising the com- 
pound of claim 16 and a pharmaceutically acceptable 
vehicle or diluent.] 

[45. A method of treating melanoma, non-Hodgkin’s 
IS lymphoma, multiple myeloma, or Karposi’s sarcoma in a 
patient in need of said treatment which comprises adminis- 
tering to said patient a therapeutically effective amount of a 
compound of claim l.j 

[46. A method of treating melanoma, non-Hodgkin’s 
20 lymphoma, multiple myeloma, or Karposi’s sarcoma in a 
patient in need, of said treatment which comprises adminis- 
tering to said patient a therapeutically effective amount of a 
compound of claim 2.] 

[47. A method of treating melanoma, non-Hodgkin’s 
25 lymphoma, multiple myeloma, or Karposi’s sarcoma in a 
patient in need of said treatment which comprises adminis- 
tering to said patient a therapeutically effective amount of a 
compound of claim 3.] 

48. A method of treating melanoma, non-Hodgkin’s 
30 lymphoma, multiple myeloma, or Karposi’s sarcoma in a 
patient in need of said treatment which comprises adminis- 
tering to said patient a therapeutically effective amount of a 
compound of claim 8. 

35 l 49 A method of treating melanoma, non-Hodgkin’s 

lymphoma, multiple myeloma, or Karposi’s sarcoma in a 
patient in need of said treatment which comprises adminis- 
tering to said patient a therapeutically effective amount of a 
compound of claim 1.3.] 

4 0 [50. A method of treating melanoma, non-Hodgkin’s 

lymphoma, multiple myeloma, or Karposi’s sarcoma in a 
patient in need of said treatment which comprises adminis- 
tering to said patient a therapeutically effective amount of a 
compound of claim 1.4,] 

45 [51. A method of treating melanoma, non-Hodgkin’s 

lymphoma, multiple myeloma, or Karposfs sarcoma in a 
patient in need of said treatment which comprises adminis- 
tering to said patient a therapeutically effective amount of a 
compound of claim 15.] 

50 [52. A method of treating melanoma, non-Hodgkin’s 

lymphoma, multiple myeloma, or Karposi’s sarcoma in a 
patient in need of said treatment which comprises adminis- 
tering to said patient a therapeutically effective amount of a 
compound of claim 16.] 

5 5 [53 . A compound of the formula: 
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wherein: 

Q is selected from the group consisting of: 



G is selected from the group consisting of alky i; substi- 
tuted alkyl; substituted aryl; a 4 to 7 membered 
monocyclic, 7 to 11 membered bicyclic, or 10 to 15 
membered tricyclic saturated or unsaturated ring sys- 
tem having between 1 and 3 heteroatoms selected from 
nitrogen, oxygen, and sulfur; 


H|2 k 32 



Rj4 


X is O or H, H; 

Y is selected from the group consisting of O; H, OR 1(5 ; 
OR I? , OR 17 ; NOR ls ; H, NHOR X9 ; H, NR 20 R 2l ; H, H; 
and CHR 22 ; wherein OR 17j OR 17 can be a cyclic ketal; 

Zj and L 2 are independently CH 2 ; 

B l md B2 are independently selected from the group con- 
sisting of OR 24 , OCOR 25s and O — C(^0)~NR 2 $R 27 , 
and when is OH andY is OH, H, they can form a 
six-membered ring ketal or acetal; 

R|> R 2 , R 3 j R* R 5, R 7 , Ri3> Rl4? -^19? ^20* ^21 ? ^22> 
R 26 and R 27 are selected from the group consisting of 

H, alkyl, substituted alkyl, and aryl, and when R x and 
R 2 are alkyl can be joined to form a cycloalkyl, and 
when R 3 and R 4 are alkyl can be joined to form a 
cycloalkyl; 

R* is methyl; 


membered tricyclic saturated or imsafurated ring sys- 
tem having between 1 and 3 heteroatoms selected from 
nitrogen, oxygen, and sulfur; R 32 C— O; R 33 S0 2 ; 
hydroxy; O-alkyl or O-substituted alkyl; 
or pharmaceutically acceptable salts, hydrates, solvates or 
geometric, optical or steroisomers thereof.] 

[54. A method of treating breast cancer, ovarian cancer, 
colon cancer, head and neck cancer, lung cancer, gyneco- 
logical cancers, brain cancer, germ cell cancer, urothelial 
cancer, esophageal cancer, prostate cancer, bladder cancer, 
or pancreatic cancer in a patient in need of said treatment 
which comprises administering to said patient a therapeuti- 
cally effective amount of a compound of claim 53.] 

[55. Tile method of claim 54 wherein the cancer is cancer 

of the breast, ovary, or colon,] 

[56. A method of treating a cancer responsive to microtu- 
bule stabilization in a patient comprising administering to a 
patient in need of such treatment a therapeutically effective 
amount of a compound of claim 53 .] 

[57. The method of claim 54 further comprising adminis- 
tering one or more of an additional anti-cancer agent.] 

[58. The method of claim 57 wherein the additional anti- 
cancer agent acts in a phase of the cell cycle other than the 
G,~M phase.] 

[59. The method of claim 58 wherein the additional anti- 
cancer is a thymidilate synthase inhibitor, a DMA cross link- 
ing agent, a topoisomerase I or II inhibitor, a DMA alkylating 
agent, a ribonuclase reductase inhibitor, a cytotoxic factor, 
or a growth factor inhibitor,] 

[60. A method of treating melanoma, non-Hodgkin's 
lymphoma, multiple myeloma, or Karposi’s sarcoma in a 
patient in need of said treatment which comprises adminis- 
tering to said patient a therapeutically effecti ve amount of a 
compound of claim S3.] 

[61. A pharmaceutical composition comprising the com- 
pound of claim 53 and a pharmaceutically acceptable 
vehicle or diluent.] 

[62. A compound of the formula: 

v 



X Bj Y 


R,, Rio. Ri«. R n. R24 . Rjs ^ R 31 are selected from the 5Q 
group consisting of H, alkyl, and substituted alkyl; 

R u , R x2 , R 28 , R 30 , R 32 , and R 33 are selected from the 
group consisting of H; alkyl; substituted alkyl; aryl; 
substituted aryl; cycloalkyl containing 1 to 3 rings and 
3 to 7 carbons per ring which may be further fused with 5 5 
an unsaturated C 3 -C 7 carbocyclic ring; and a 4 to 7 
membered monocyclic, 7 to 1 1 membered bicyclic, or 
10 to 15 membered tricyclic saturated or unsaturated 
ring system having between 1 and 3 heteroatoms 
selected from nitrogen, oxygen, and sulfur; 

is hydrogen or methyl; 

R J5 , R 23 and R 29 are selected from the group consisting of 
H; alkyl; substituted alkyl; aryl; substituted aryl; 
cycloalkyl containing 1 to 3 rings and 3 to 7 carbons per 
ring which may be farther fused with an unsaturated 65 
C 3 ~C 7 carbocyclic ring; a 4 to 7 membered 
monocyclic, 7 to 11 membered bicyclic, or 10 to 15 


wherein: 

Q is selected from the group consisting of: 



G is selected from the group consisting of alkyl; substi- 
tuted alkyl; substituted aryl; a 4 to 7 membered 
monocyclic, 7 to 11 membered bicyclic, or 10 to 15 
membered tricyclic saturated or u nsafe rated ring sys- 
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tem having between 1 and 3 heteroatoms selected from 
nitrogen, oxygen, and sulfur; 


R.12 Ru 



&J4 


Wi$OorNK i5 ; 15 

X is O or H, H; 

Y is selected from the group consisting of O; H, OR lc ; 
GR i7 , 0R 17 ; NOR ls ; H, NHOR 19 ; H, NR 20 R 2J ; H, H; 
and CHR 22 ; wherein OR 17 , OR 17 can be a cyclic ketal; 

Z x and Z 2 are independently €H 2 ; 20 

By and are independently selected from the group con- 
sisting of OR 24 , OCOR 2 5 , and O — C(==0) — NR 26 R -273 
and when By is OH and Y is OH, B, they can form a 
six-membered ring ketal or acetal; 25 

Rtj Rs? R.3> R 45 Rs? R-7? R-13? R-13? Rl9.’ R"20> ^20 R-22> 

K 26 and R 27 are selected from the group consisting of 

B, alkyl, substituted alkyl, and aryl, and when R l and 
R 2 are alkyl can be joined to form a cycloalkyl, and 
when R ? and R 4 are alkyl can be joined to form a 
cycloalkyl; 

R<5 is methyl; 

R^, R 10 , R 16? R I7j R 24 > R 25 and R 3I are selected from the 
group consisting of H, alkyl, and substituted alkyl; 

R n , R 12 , R 2fJ , R 30 , R 32 , and are selected from the 35 
group consisting of H; alkyl; substituted alkyl; aryl; 
substituted aryl; cycloalkyl containing 1 to 3 rings and 
3 to 7 carbons per ring winch may be further fused with 
an unsaturated C 3 -C 7 carbocyclic ring; and a 4 to 7 
membered monocyclic, 7 to 1 1 membered bicyclic, or 40 
10 to 15 membered tricyclic saturated, or unsaturated 
ring system having between. 1 and 3 heteroatoms 
selected from nitrogen, oxygen, and sulfur; 

Rg is hydrogen or methyl; 

R 15 , R 23 and R 29 are selected from the group consisting of 45 
H; alkyl; substituted alkyl; aryl; substituted aryl; 
cycloalkyl containing 1 to 3 rings and 3 to 7 carbons per 
ring which may be further fused with an unsaturated 
C 3 -C 7 carbocyclic ring; a 4 to 7 membered 
monocyclic, 7 to 11 membered bicyclic, or 10 to 15 
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membered tricyclic saturated or unsaturated ring sys- 
tem having between 1 and 3 hetero atoms selected from 
nitrogen, oxygen, and sulfur; R 32 C=0; R 33 S0 2 ; 
hydroxy; O-alkyl or O-substituted alkyl; 

or pharmaceutically acceptable salts, hydrates, solvates or 
geometric, optical or steroisomers thereof; 

wherein substituted alkyl is an alkyl group substituted 
with from one to four substituents selected from the 
group consisting of halo; triffuoromethyl; triflu o- 
romethoxy; hydroxy; alkoxy; cycloalkoxy; heterocy- 
clooxy; oxo; alkanoyf; aryloxy; alkanoyloxy; amino; 
alkylamino; arylamine; aralkylamino; cycloalky- 
lamino; heterocycloamino; di substituted amines 
wherein the substituents are selected from alkyl, aryl, 
and aralkyl; alkanoylamino; optionally substituted with 
halogen, alkyl, alkoxy, aryl, or araralkyl; arylamino 
optionally substituted with halogen, alkyl, alkoxy, aryl, 
or araralkyl; aralkanoylamino optionally substituted 
with halogen, alkyl, alkoxy, aryl, or araralkyl; tliio; 
alkylthio; araikylthio; cycloalkylthio; heterocyclothio; 
alkylthiono; arylthiono; aralkyl thiono; alkyl sulfonyl; 
arylsulfbnyl; aralkylsulfonyl; sulfonamido optionally 
substituted with halogen, alkyl, alkoxy, aryl, or 
araralkyl; nitro; cyano; carboxy; carbamyl optionally 
substituted with halogen, alkyl, alkoxy, aryl, or 
araralkyl; alkoxy carbonyl; aryl; substituted aryl; guana ~ 
dino; and heterocyclo; and 

substituted aryl is an aryl group substituted w nth from one 
to four substituents selected from the group consisting 
of alkyl; substituted alkyl; halo; trifluoromethyl; trif- 
luoromethoxy; hydroxy; alkoxy; cycloalkoxy; hetero- 
cyclooxy; aikanoyl; alkanoyloxy; amino; alkylamino; 
aralkylamino; cycloalkylamino; heterocycloamino; 
diaikylamino; alkanoylamino; thio; alkylthio; 
cycloalkyltldo; heterocyclothio; ureido; nitro; cyano; 
carboxy; carboxyalkyl; carbamyl; alkoxycarbonyl; 
alkylthiono; arylthiono; alkylsulfonyl; sulfonamido; 
arid aryloxy each of which may be optionally substi- 
tuted with halo, hydroxy, alkyl, alkoxy, substituted aryl, 
substituted alkyl, or substituted aralkyl; 

with the proviso that compounds wherein 
W and X are both O; and 
Ri, R 2 and R 7 are H; and 
R 3 , R 4 and R 6 are methyl; and 
R s is H or methyl; and 

G is 1 - rnethy 1-2 -(substitute d-4-thiazoly 1 ) etheny 1 ; and 
Q is as defined above are excluded.] 


# 3jC # 3? 



